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EDITOR’S INTRODUCTION 


OF all the subjects of major importance in the elementary 
school curriculum, the one which has been slowest to 
respond to change in its subject-matter is arithmetic. 
Spelling has been revolutionized both as to the quantity 
and quality of words taught and as to methods of in- 
struction. Even penmanship, which at first thought 
might seem incapable of any great fluctuations, has un- 
dergone violent modifications and recessions, and even 
now lingers on the threshold of new experiment and 
change. Of all the so-called fundamental subjects, pos- 
sibly reading has undergone the greatest reconstruction, 
while such fields as geography and history have been in 
a more or less constant state of restlessness for thirty or 
forty years. 

Why is it that arithmetic has seemed so unresponsive? 

It has from the beginning been a fairly well organized 
field of instruction. There has been something tangible 
and definite to do, and it has given measurable results. 
In consequence it has not been easy to make teachers 
dissatisfied with arithmetical teaching, or eager for a 
new content and method. 

Again, it may be said that in no other school subject 
are we so dependent upon sequences of skills. One cannot 
add well until one can-count swiftly and surely in series. 
Multiplication must be preceded by addition; whole - 
numbers must be mastered before fractions and decimals 
can be handled accurately. It is this dependence of one 
process upon another that discourages wandering from a 
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well-organized traditional plan. Then, again, the ab- 
stract nature of mathematics has made it appear to have 
a complete logic of its own, not much associated with a 
changing social world and a fluctuating human need. 

A common-sense view of the world that the average 
person lives in has been discouraging to too much pursuit 
of the advanced refinements and complexities of arith- 
metical study. The result has been a great deal of talk on 
elimination of non-essentials from the course of study, and 
some actual eliminations which have gradually permitted 
simplification of the subject. 

Newly discovered facts in the psychology of the child 
mind have led to a critical pedagogical attitude, too; but 
this has hardly been effective above the first few school 
years, where study has been incidental and natural 
rather than systematic and formal. 

More accurate inductive methods of determining what 
ought to go into the course in arithmetic were first applied 
to determining the consensus of authoritative opinion or 
well-established practice among respected school depart- 
ments. Questionnaires were sent out to superintendents 
and other authorities. Courses of study were analyzed 
and tabulated, and their tendencies indicated as valuable 
conclusions to guide the makers of courses of study. 
But this whole movement tended only to change excep- 
tional courses of study so as to make them correspond 
with the best prevailing tradition. It standardized the 
thing frequently done by eliminating marginal variabili- 
ties which had no wide supporting sanction among other 
school systems. This whole approach represents a fine 
spirit of inquiry applied to a field not highly fruitful for 
sound reform. 
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What we have needed, is a sound investigative 
method applied, not merely to the elimination of subject- 
matter, but also to its selection — a vastly more inclu- 
sive activity, since it may add subject-matter as well 
as reject, and change the emphasis on what is retained. 
Much that is valid in the existing course of study may 
require either subordination with a less extensive treat- 
ment or an added emphasis resulting in more intensive 
study. 

If arithmetic is to serve life, life must be examined. A 
social point of view and method are required. The 
common uses of arithmetic in the daily activities and 
occupations of men and women in general will offer the 
best constructive criticism of prevailing courses of study. 
They will have to be approached with all the skill, in- 
genuity, and thoughtfulness of modern scientific inquiry. 
Then we shall know what arithmetical skills, processes, 
and situations the elementary school graduate will need 
to master. The social survey will reveal the archaic and 
the unimportant as well as the substantial and necessary 
in arithmetic. It will show what ought finally to be 
known if one is to be an effective adult among the common 
run of men and women. 

Such social surveys of the arithmetical skills and infor- 
mations called for in adult social life will not, however, 
help much in determining beginnings and sequences in 
arithmetical teaching. It will not give much aid with the 
problem of grading. Here one must be intimate with the 
mind of childhood and youth, must have a due respect for 
the logic of the subject, and must then survey the social 
life of the pupils themselves at various ages. Children do 
have an organized social life of their own, wherein skills 
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and methods in solving quantitative relations are desir- 
able if not absolutely imperative. 

Along all of these lines of inquiry, the scientist in educa- 
tion has recently been attacking the problem of the 
course of study in arithmetic. To summarize their highly 
specialized conclusions, after having surveyed them 
critically, and to give them their practical significance in 
‘determining the content of a course of study, is not an 
‘easy task. But it has been undertaken by one who has 
demonstrated a high competence in this type of survey. 
This volume gives his conclusions in specific and practical 
form so that superintendent, principal, teacher, or other 
educationalist may be certain of guidance that will give a 
scientific course of study in arithmetic, one which will 
make pupils arithmetically competent for the real world 
in which they are to live. 

HENRY SUZZALLO 


PREFACE 


THE writer’s study, A Survey of the Social and Business 
Usage of Arithmetic, was published by Teachers College, 
Columbia University, in 1918, as Contributions to Edu- 
cation, No.100. After the edition was exhausted, inquiries 
for copies continued so persistently that a second edition 
was planned. Delay in carrying out the plan saw the ac- 
cumulation of many new and confirmatory studies. The 
present volume is the result of an effort to make avail- 
able the essential data of the original study, together with 
summary data of other curricular studies in arithmetic. 

It is a pleasure to acknowledge obligations to Teachers 
College and to the National Education Association for use 
of data previously published. Throughout the text and 
in the bibliography at the close, acknowledgments are 
made of the helpful data from many other contributors in 
this field. The volume was read in manuscript by Herbert 
Blair, Professor of Education, Boston University, and his 
valuable criticisms are gratefully acknowledged. 

The increased reliance upon scientific data by the 
schools is the surest indication of educational progress. 
It is hoped that the present volume may further the 
scientific spirit in the field of arithmetic. 

Guy MITCHELL WILSON 
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WHAT ARITHMETIC SHALL WE TEACH? 


is 
THE PROBLEM 


THE problem set for solution in this study is the de- 
termination of the curricular implications of the scien- 
tific studies on arithmetic. The scientific evidence has 
accumulated rapidly, and some of it is not readily ac- 
cessible. It is proposed to bring this material together 
in a form readily available and usable, not only to re- 
search workers, but also to teachers or superintendents 
who are confronted with the practical problem of de- 
termining the course of study in arithmetic for the 
grades and high school. 

The distinctive mark of present studies in the curricu- 
lum is their scientific character. This means that the 
investigator’s duty is to seek out the reliable sources, 
gather the data adequately and honestly, and give the 
data the correct interpretation. There is still room for 
practical judgment, but the theoretical procedure of a 
few generations ago has no part in a scientific study. 
Conclusions must follow the facts, instead of preceding 
them. 

Aim of arithmetic in the grades. While not denying 
the cultural and disciplinary value of arithmetic — in 
common with any subject systematically studied and 
well taught —it is assumed that arithmetic in the 
grades is justified only on the basis of its utility in the 
common affairs of life. We learn the multiplication 
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table, not to sharpen the wits nor to comprehend a 
beautiful system, but to figure our bills, our taxes, or the 
interest on a note. Whatever arithmetic is given in 
the grades beyond the essentials required by social 
utility consumes timeithat could be used more profitably 
in other ways. ‘ 

This may be accepted as a igo statement of aim. 
But when the different kinds of arithmetic are specified, 
it then becomes possible to differentiate aims. There 
are at least two distinct kinds of arithmetic — one, 
vocational; the other, general. Under each there is the 
further division into computational and informational. 
The full curricular significance of this classification will 
be discussed in later pages, but it will help to under- 
stand the discussion throughout if one realizes that 
arithmetic is not one thing, but several, and that purposes 
and treatments vary for the different classes of arith- 
metic. 

Determining the social utility of arithmetic. Social 
utility can be determined only on the basis of the uses 
of arithmetic in child and adult activities even though 
we accept the dictum that the schools of to-day deter- 
mine the thinking of to-morrow for the nation. It is 
very doubtful if the schools, in the tool subjects, should 
go beyond adult usage or attempt to predetermine the 
forms and standards for such adult usage. The con- 
structive thinking is usually done by adults and the for- 
ward steps are made by adults under the pressure of 
social and business necessity. In the tool subjects, at 
least, the schools have enough to do to keep up with the 
best adult practices. 

There are certain earlier studies which will help in under- 
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standing the present progress. Rice (1) !in 1893 showed 
the need for better results in arithmetic. McMurry (2) 
in 1904 laid down principles for the selection of the 
subject-matter of the curriculum and gave them pointed 
application to arithmetic. Stone (3) in 1908 showed 
the wide variation in achievement in arithmetic, and em- 
phasized the need for better practice. Wilson (4) and 
his teachers at Connersville in 1911, after two years of 
codperative study, issued a course of study in arithmetic 
that sought to eliminate the useless and the traditional 
and to provide motivated problems that would bring 
the children into actual contact with business and life. 
Coffman and Jessup (5) later extended to city and county 
superintendents throughout the United States the Con- 
nersville plan of securing opinions on desirable elimina- 
tions and enrichments. The Minnesota Elimination Re- 
port (6) in 1914 and the Iowa Elimination Reports (7) 
in 1915 and 1916 sought to eliminate the traditional 
in arithmetic for entire States. Wilson’s (8) study in 
1918, in which adult practices were analyzed, was a logi- 
cal next step in scientific procedure in determining an 
answer to the question, What arithmetic is actually re- 
quired by social and business usage? 

The study of courses of study and time allotments, 
common a few years ago, has served a useful purpose. 
Payne’s (9) study in 1905 reported progressive city prac- 
tices, and no doubt had much influence in cutting down 
the time allotment for-arithmetic in less progressive 
towns and cities. Holmes’s (10) study in 1915, however, 

1The Bibliography for the entire book is given on pages 147-49. 


Throughout the book the numbers in parenthesis following an author’s 
name, refer to the corresponding numbers in the Bibliography. 
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showed little change in time allotment for the fifty cities 
involved in his survey. A similar study at any time is 
helpful to a group working on a course of study. For 
most help such studies should show total distributions 
rather than a few results statistically derived. 

It is evident, however, that the analysis of courses of 
study and textbooks could do little to further progress. 
For if these were largely traditional, then their analysis 
merely gave a summary of traditional practices. A new 
approach was needed. In spelling, Ayres and Jones 
~had shown a new method. The result of the work of 
these men in spelling was to reduce the word list by 
twenty-five to fifty per cent. At the same time a better 
functional product was secured. 

Before the survey method could be applied to arith- 
metic, it was necessary to discover an applicable proce- _ 
dure. That required some years of experimentation. 
The discovery of the school-pupil-survey method made 
possible a rapid and extended study of general arith- 
metic. It gave tangible results immediately. It fur- 
nished data on which to base judgment as to the rela- 
tive usefulness of processes and the various stages of 
difficulty. In reporting the first survey study the author 
said: 

It is hoped that this study may not only chart the adult 
needs for arithmetic, but also furnish a method by which the 
results may be extended and verified in different parts of the 
country. If it succeeds in laying a basis for constructive 
work in arithmetic comparable in a small measure with what 


Ayres and Jones have done for spelling, the study will have 
justified itself. 


In a considerable measure, at least, the aspirations of 
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the first survey study in arithmetic have been realized. 
Studies have followed by Wise, Woody, Thorndike, 
Mitchell, Charters, Bobbitt, Schorling, and others. 
These studies have helped in determining more fully 
and completely the actual figuring done by adults. 

The survey method in modified form has been extended 
to include the analysis of books, magazines, and daily 
papers, in order to ascertain the extent of mathematical 
ideas with which one must be equipped to read intelli- 
gently and to understand readily this material. This 
modified form of the survey method in arithmetic is full 
of promise. Only recently, however, has it been realized 
that the understanding of mathematical terms and con- 
cepts in reading is entirely different from the compu- 
tational use of arithmetic involved in actual business 
transactions. The first thought of some, when this sec- 
ond line of studies began to appear, was that the com- 
putational use of arithmetic in the schools should be ex- 
panded to cover reading usage. It is now understood 
that reading usage deals with phases of informational 
arithmetic which can be acquired with little or no actual 
computation. Thus, while the field of arithmetic has 
been enlarged, careful analysis reveals the fact that it has 
also been simplified and that the apparent conflict does 
not exist. This very clear distinction between compu- 
tational usage and informational usage, of which reading 
usage is one phase, should be kept carefully in mind by 
the reader throughout the following pages. 

Scientific procedure. It is desirable for students in 
any field to be careful not to become advocates or pro- 
moters. ‘The first resolve of educational investigators is 
to be thoroughly scientific, the second is to be an educa- 
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tional rather than a subject-matter advocate. What is 
wanted is the simple truth and all of the truth. What is 
not wanted is a predetermined conclusion followed by an 
effort to support that conclusion by data. This latter 
procedure leads to the selection of the facts that will 
support the desire and the neglect of other facts which 
may be equally significant. What all should want is the 
right answer, regardless of what that answer is or what 
it leads to in educational practice. 

Present aim. The aim of this work is, therefore, to 
assemble and interpret the scientific data as to what is 
useful in arithmetic, and to give help in organizing for 
the schools the new and vital arithmetic demanded by 
these studies in the interests of a happier childhood and 
a more effective tool for adulthood. The more abundant 
life for children in the schools has come largely through 
successful efforts in meeting the demands of life outside 
the schools. 


II 
A METHOD 


HumMaN progress is largely the story of improved methods 
of doing work. ‘Transportation by water has evolved 
from the raft and rowboat to the steam-propelled boat 
or vessel. Transportation by land has increased in effi- 
ciency and economy until great loads of heavy con- 
struction materials are transported great distances in a 
short time at a cost of a few cents per ton. So in heat- 
ing, lighting, mining, smelting, weaving, farming, home 
work, and life generally, improved results or products 
depend upon the discovery of better methods. 

It seems strange that education should have lagged so 
far behind industry in employing improved methods 
of work. Scientific procedure in education is so recent 
that it is almost confined to the present gene.ation, and 
the work of securing basic facts for curriculum-making is 
one of the newest phases of scientific procedure in edu- 
cation. For centuries the method of opinion and debate 
obtained. And while unusually keen insight was fre- 
quently displayed, it usually carried little or no convic- 
tion to the bulk of workers. 

Like most inventions, the school-pupil-survey method 
of determining basic facts for the curriculum in arith- 
metic was in part mere accident, in part a happy thought 
or a rift in the fog after seven or eight years of working 
on the problem and exhausting other means of approach. 
Textbooks must be analyzed, courses of study must 
be summarized, opinions of methods experts must be 
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studied — all of these things are helpful, but they are 
inconclusive. They fail to get at the basic facts of the 
figuring actually needed for business and life situations. 

The school-pupil-survey method does get at the basic 
facts. It reveals the figuring actually being done in the 
school community and it does this by a method so simple 
and so feasible that any group of teachers can easily 
imitate and carry it through to successful completion. 
The essential details of the method follow: 

1. Enlist the interest and codperation of children in 
the upper grades. Pupils from grades seven and eight 
and in high school are satisfactory, although sixth-grade 
pupils may be used. Carefully instruct the children in 
the selected grades, and have them report daily the 
figuring actually done or the numbers actually used by 
father and mother. It is recommended that separate 
sheets be used for father and mother, and that each 
sheet be marked by the name of a parent. In order to 
check each day it is recommended that a dating scheme 
be carried forward covering each day of the report. 

2. Continue reports by children on figuring done by 
parents for a period of two weeks. This will be adequate 
for getting a rather definite picture of the figuring done 
in a city of 12,000. In a larger city the time may be 
proportionately reduced. Ina smaller city the time may 
be extended, or, better, have children report for two 
weeks at one time of the year and then for two weeks at 
another time of the year. This may be continued until 
the distribution repeats itself. When that occurs, it is 
evidence that the sampling is random and representative. 

3. In order to get a summary of the results it will 
be necessary to analyze the returns somewhat as follows: 
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In connection with each problem note: (1) the process 
involved, (2) the difficulty of the process, and (3) the 
topic with which the problem deals. For example, the 
following is a problem reported by Mrs. J. G. H., a 
carpenter’s wife. 

Dec. 8, 1916 — Bought eight pounds of meat at 16 cents a 
pound. How much did it cost? 


The notations on this problem are: 

(xz) multiplication, (2) one-place, (3) buying meat. The 
notations cover process, difficulty of the process, and the 
topic. If the date were 1926 instead of 1916, all of the 
notations would be the same, but the problem would 
read 40 cents or 50 cents a pound instead of 16 cents a 
pound. 

4. After all of the problems have been scored care- 
fully in this way, they should be summarized. This is 
a simple matter. The summary will show processes, 
difficulty of processes, and topics. Some of the tables 
which follow in the next section show similar summaries. 
It will be interesting, also, to summarize the vocational 
interests of parents represented in the reports. 

These are the essential steps of the school-pupil-survey 
method. The aim is to secure the problems actually 
figured by a representative group of adults in the com- 
munity, and, by analyzing and studying these problems, 
to get a better idea of the actual arithmetic needs of the 
community. It is to meet these needs that the child is 


being prepared. 


Ill 
THE RESULTS 


THE results of the first study by the use of the school- 
pupil-survey method were revealing and somewhat 
startling. Yet, McMurry as early as 1904 had antici- 
pated such results. Evidently we had been blundering 
badly and spending much time in the schools upon useless 
processes. Fortunately, this study attracted consid- 
erable attention among educators and was promptly 
repeated by others. The results of the various studies 
have been so confirmatory of each other that they have 
produced marked effects upon practice in the schools. 

The original study was carried out in twenty-three 
different cities as well as in some rural sections. It in- 
volved a total of 4068 people distributed among 155 
occupations. The total number of problems was 14,583, 
and the total number of processes 21,898. The summary 
of findings as to useful processes follows herewith: 

Processes little used by adults. The following 
processes, white they occurred in this study, occurred so 
few times that it seems unreasonable to ask grade chil- 
dren to spend time in mastering them. ‘They are: 

1. Decimals except in United States money. In the 
entire study there were only seven problems involving 
decimals. Four of these involved buying gasoline at so 
many cents and the decimal of a cent (e.g., 19.9), as was 
common in 1916. Of the other three decimals, one re- 
ferred to the distance traveled by a drill press per revolu- 
tion (.008 in.), and the other two were puzzle queries. 
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2. Apothecaries’ weight. Apothecaries’ weight was 
used only by prescription clerks and physicians. There 
were four cases among the 21,898 collected. 

3. Partial payments. There was but one problem in 
partial payments and that a very simple one such as any 
pupil could handle with a pe waree of simple percentage 
and interest. 

4. Parinership. ‘There was but one problem in part- 
nership. It involved investment in land in South 
Dakota, and the circumstances were such that the 
figuring was all done in the office of the real estate 
agent. 

5. Square root. ‘There were three problems in square 
root. They involved: (a) The length of a studding when 
the width of the barn and height from plates were given. 

(b) The number of acres in a triangular field, three sides 
being given. (c) The length of a ladder to reach the top 

of a 75-foot wall if the bottom of the ladder is placed 50 \s 
feet away from the wall. The first of these problems is 

a good one, but is encountered only in a highly special- 
ized line. As a matter of fact, the carpenter would use 

his square or his system of lines similar to centimeter 
paper. He would not find the result by the use of square | 
root. The second problem is a very difficult one, and, as 
an accurate result was wanted, the chances are that a 
surveyor would be called to survey and figure the 
amount of the land involved. The third problem is of 
doubtful validity — 75-foot a are not very com- 
mon. — 

Useless processes. In addition to the five processes 
noted above as having very little use, nineteen additional 
processes or details may be noted as not appearing at all 
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in this study. The nineteen processes or details which 
did not appear in the study are: 


I. 
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Greatest common divisor and least common multiple 
beyond the power of inspection. 


. Long, confusing problems in common fractions. 

. Complex and compound fractions. 

. Reductions in denominate numbers. 

. Table of folding paper, surveyor’s table, tables of foreign 


money. 


. Troy weight. 
. Compound numbers — addition, subtraction, multipli- 


cation, division. 


. Longitude and time. 

. Cases 2 and 3 in percentage, 

. Compound interest. 

. Annual interest. | 

. Exchange, neither domestic nor foreign. 

. True discount. 

. Partnership with time. 

. Ratio, beyond the relation expressed by a fraction. 

. Proportion. 

. Most of mensuration — the trapezoid, trapezium, poly- 


gons, frustum, sphere. 


. Cube root. 
19. 


The metric system. 


Some of the nineteen processes had been previously 
noted from time to time for elimination, but many hesi- 
tated. Thesurvey had given a definite count of problems 
as actually used by adults. If over 4000 people, repre- 
senting 155 different occupations, in solving over 14,000 
problems, had made no use of these processes, clearly then 
it is doubtful if the schools should take time to teach 
them. No one who had thought through the question, 
and who knew business practices, was surprised at the 
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results in longitude and time, true discount, cube root, 
and the metric system. There were some surprises, 
however, over the finding that reductions in denom- 
inate numbers seldom occur, that ratio and proportion 
have little practical use, and that some of the time- 
honored tables in denominate numbers need not be com- 
mitted. 

This first survey study is suggested, and strongly 
recommended, as the basis of a safe and conservative 
procedure. It has since been confirmed by other studies.* 
The omission, from the arithmetic work of the elemen- 
tary schools, of formal drill in all of the above twenty- 


TABLE 1. THE PROCESSES AND THEIR FREQUENCIES 


Att Occv- 
PATIONS 


Multiplication 
Addition 


four processes or parts of processes (five little used, 
and nineteen not used at all) will lift a great weight of 


’ * See later sections in this work. 
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328465 678 910111218 


Fic. 1. RELATIVE FRE- 
QUENCY OF PROCES- 
SES AS PER TABLE I, 
11s MULTIPLICATION, 
218 ADDITION, ETC, 


meaningless material from the backs of 
the children of the schools. This is 
the negative side of the study. 

Useful processes. The first survey 
is equally helpful as to the useful pro- 
cesses and their relative frequency. 
Without any doubt multiplication is 
the process used most of all, addition 
next, followed in turn by subtraction, 
division, and fractions. The two lat- 
ter processes run close together in fre- 
quency. Table 1, which precedes (see 
Pp. 13), gives the distribution of the 
21,898 processes occurring in the 14,583 
problems of the study. The table shows 
this for all occupations and the four 
selected occupations of housekeepers, 
farmers, mechanics, and merchants. 

The simplicity of the situation shown 
by this analysis of adult usage occa- 
sioned not a little surprise. It still 
brings surprise to any one who has not 
thought seriously about the problem, 
but who continues to think in terms of 
the type of arithmetic which was pre- 
valent a generation or two ago. It is 
evident that such phases of the old 
type of arithmetic were merely intel- 
lectual exercise confined to the covers 
of the textbook and the walls of the 
schoolroom with seldom a look beyond 
to see if useful things were being taught. 
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If, to the four fundamental processes and fractions, 
one were to add accounts, simple denominate numbers, 
and percentage, little is left for all other processes — so 
little in fact that it seems unfair to give time and atten- 
tion to them as drill processes in the elementary schools. 
Some of them should receive no time or attention, others 
should receive attention only for informational purposes, 
as discussed in another chapter, or when found necessary 
in the development of a large motivated situation. Not 
only should certain processes be entirely eliminated in 
drill work, but other processes should be reorganized in 
line with business usage. This means that situations 
and terms foreign to business practice are to be replaced 
by others more wisely selected. It means that work in 
the four fundamentals, fractions, simple measurement, 
and percentage is to be greatly simplified, as will be 
shown in the next section. 


IV 
THE DIFFICULTY OF THE PROCESSES 


To what limits or degree of difficulty should the useful 
processes be carried? ‘The answer to this question will 
enable teachers to use judgment in the size of numbers 
or the number of places that should be used in giving 
examples or problems to the children. The problem 
work, of course, should come from actual experience, and 
if done that way the difficulty of a problem will take 
care of itself; but when dictating examples for drill pur- 
poses the teacher frequently makes up the examples or 
relies upon a textbook or drill service. Should addition 
problems be four or five places wide and contain eight or 
nine addends, or are problems of this kind quite artifi- 
cial, seldom occurring in actual business transactions as 
carried on by the ordinary consumer? 

Table 2 shows the actual distribution of the 4416 


TABLE 2. ADDITION 


NuMBER OF PROBLEMS FoR ALL OCCUPATIONS AND FOR Four SELECTED 
OccuPATIONS, DisTRIBUTED ON THE BASIS OF THE NUMBER 
OF PLACES IN THE LARGEST ADDEND 


All occupations........ 


Housekeepers.......... 


Parmerss, sen. cc cleacnen 


eee eee ee ssee 


THE DIFFICULTY OF THE PROCESSES 


All Occupations 


¢ Housekeepers 


Farmers 


Mechanics 


Merchants 


10 20 80 40 50% 


Fic. 2. GRAPHIC REPRESENTATION OF TABLE 3 — ADDITION 


addition problems as to the number of places involved in 
the largest addend. Table 3 shows the same table re- 
duced to a percentage basis. It is evident from these 
tables that the numbers added are relatively small. 
There are less than two per cent of addition problems with 
an addend of five places or above. Most are either 
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TABLE 3. ADDITION 


Per CENT or PRoBLEMS OF EAcH DEGREE OF DIFFICULTY FOR 
Att OccuUPATIONS AND FOR FouR SELECTED OCCUPATIONS 


All occupations 


a 
Housekeepers.......... : 8 | 34. ; 2 100. 


armers.< eiicte ciwarchs 


ee 


seer ewer eres 


two-place or three-place problems, and since the actual 
adding that occurs is in handling money, a two-place 
problem means one whére the amount of money is less 
than one dollar. The typical addition problem is about 
as follows: 


I'went to the store and bought so cents’ worth of sugar, 
and a pound of butter, costing 42 cents. How much did 
I owe the storekeeper? 


This is a problem having two addends and the largest 
addend has only two places. The next most common 
situation is three addends and three-place numbers. 
A three-place number means an amount which exceeds a 
dollar, but does not go up to ten dollars. When the 
writer was making this analysis of addition problems 
the first time, he had noted to carry the number of places 
up through four and then to leave undistributed any 
above four places. As the work progressed, however, it 
became evident that some one would want to know the 
exact number of places in the largest problem. At this 
18 
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stage he went back over the 4000 or so problems already 
scored, took out those that were marked over four 
places and reclassified them. When all of the problems 
had been so scored, it was found that just seventy-two 


TABLE 4. — ADDITION — NUMBER OF ADDENDS 


ADDENDS Sroux City MARSHALLTOWN CoMBINED 
2 178 364 542 
3 140 368 508 
4 102 189 291 
5 103 81 184 
6 51 44 95 
U) 24 18 42 
8 16 12 28 
9 9 3 12 

b fe) 6 3 9 
II 4 I ie 
12 4 I 5 
13 a ° 3 
14 2 I 3 
15 I fo) I 
16 3 ° 3 
17 ° ° ° 
18 I fo} I 
19 ° I I 
20 ° fo) ° 
au I ° I 
22 fo) fe) fe) 
23 I ° I 
24 ° ° ° 
25 fe) I I 
26 ° ° ° 
27 fe} ° ° 
28 I ° I 

650 1087 1737 


See Fig. 2 for graphic representation of Table 4. 


out of the 4416 had more than four places, or less than 


two per cent of the total. 
The reader is referred to the original study * for an 


t Wilson, G. M.: The Social and Business Usage of Arithmetic, Teachers’ 
College Contributions to Education, No. too. 
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analysis of the addition problems with ad- 
dends of five or more places. For the most 
part they involve simple situations not in the 
least confusing if there is an actual problem 
before the individual. 

The question as to the number of different 
addends occurring in addition problems is 
best answered by Table 4 giving the distribu- 
tion of addends. Problems with two addends 
are most common, three addends next, etc. 
Naturally some problems, such as balancing 
bank books, or checking the items in a grocery 
bill which has not been paid for a week or 
two, will involve many addends, but this is 
quite the exception, Simple problems are the 
rule — problems involving two, three, four, and 
seldom more than five addends. If the work 
of the schools is to conform to the actual de- 
mands of life, the conclusion is obvious. While 
the drill work may be extended slightly beyond 
these limits, it should not go to the extent of 
involving examples al- 


most never occurring 
Fic. 3. FREQUENCY OF TABLE 4 — in life situations. 


ee ee eee The difficulty of the 
process is given in Tables 5 to zo for subtraction, 
multiplication, and division. The minuend which is 
most common is the three-place minuend. Since sub- 
traction is most frequently used in making change, this 
means that the most common amount given in pay- 
ment of bills, and for which change must be made is 
the one-dollar, two-dollar, and five-dollar bill. The next 
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TABLE 5. SUBTRACTION 


NUMBER OF PROBLEMS FOR ALL OCCUPATIONS AND FoR Four SELECTED 
OccuPATIONS, DISTRIBUTED ON THE BASIS OF THE NUMBER OF 
PLAcEs INVOLVED IN THE MINUEND 


TABLE 6. SUBTRACTION 


Per Cent or PropremMs or Eaco DrEGREE or Dirricutty ror ALL 
OCCUPATIONS AND FOR Four SELECTED OCCUPATIONS 


All occupations......... 


Housekeepers.......... 


BATIMCTS 2-77 here oe «a oe aki 


ee 


most common subtraction situation is two places (50 
cents or 25 cents given in payment), followed in order 
by four, one, five, and six places. 

The multiplication problems are classified on the basis 
of the number of places in the multiplier. The one-place 
multiplier makes up fifty-three per cent of all multipli- 
cation. In the case of merchants, however, it will be 
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TABLE 7. MULTIPLICATION 


NuMBER OF PROBLEMS FOR ALL OCCUPATIONS AND FOR FouR SELECTED 
OccuPATIONS, DISTRIBUTED ON THE BASIS OF THE NUMBER OF 
PLACES IN THE MULTIPLIER 


All occupations............ 

Housekeepers........ ae 2940 
NATIMETS Kora e Sa erotracs okies 820 
VTECH AICS verse rcert te cee I7I 


Merchants.............00% 


TABLE 8, MULTIPLICATION 


PER CENT or PropieMs oF Each DEGREE OF DiFFICULTY FOR ALL 
OccUPATIONS ANR FOR Four SELECTED OCCUPATIONS 


All occupations 


Housekeepers............. ; : ; . 100 


PC ATIMETSHL on aes ere t cut eae 


Ce ee | 


ay 


observed that the two-place multiplier is more common. ~ 
This means the merchant is dealing with dozens to a 
considerable extent and this helps to account for the 
greater frequency of two-place multiplication for mer- - 
chants. The farmer, too, deals with numbers greater 
than ten, more commonly than with numbers less than — 
ten. 
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TABLE 9. DIvisIon 


NuMBER OF PROBLEMS FOR ALL OCCUPATIONS AND FOR Four SELECTED 
_ Occupations, DISTRIBUTED ON THE Basis OF THE NUMBER OF 
PLACES IN THE Divisor 


All occupations.......... 


Housekeepers.......... 


WARMERS ss ciecis ssc alta 


TABLE 10. DIVISION 


Per Cent or PRoBiLeMs or EacH DEGREE OF DIFFICULTY FOR ALL 
OccUPATIONS AND FOR Four SELECTED OCCUPATIONS 


All occupations 


Housekeepers........... ; j : : 100 


INAYIHCTS treats clcd'o seco es 


ee 


ee 


Table 9 shows that the two-place divisor is most com- 
mon, although nearly equaled in frequency by the one- 
place divisor. Careful study of these tables will carry 
conviction as to the simplicity of the work in the four 


fundamental processes. 
Fractions. It is interesting to note that fractions 


used in computational arithmetic are very simple. 
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All Occupations 
1P 
2PR 
38P 
4P 

Housekeepers 
1P 
2P8 
8P 
4P 

Farmers 

1P 
2P 
8P 
4P 

_Mechanica 
1P S 
2P 
8P 
4P 

Merchants 
1P 
2P 
8P 
4P a 
10 20 30 40 50% 


Fic. 4. GRAPHIC REPRESENTATION OF TABLE 8— MULTIPLICATION 


Table 11 shows the distribution of the 1974 fractions 
involved in the 14,583 problems. The fraction one half 
makes up almost two thirds of all fractions. The frac- 
tions one half, one fourth, three fourths, one third, and two 
thirds make up nearly ninety-two per cent of all fractions. 
The first ten fractions of the table total 1881, and con- 
stitute 95.5 per cent of all. There are very few fractions 
with a denominator above 16. Some of the least common 
fractions are not involved in computation, but merely 
in informational situations. The entire list contains 
only fifty fractions, and twenty-one of these occur but a 
single time in the study. The following gives brief ex- 
planation of the occurrence of some of the least common 
of the fractions: 
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TABLE 11. FRACTIONS USED BY MATURE PEOPLE — TABLE OF 


FREQUENCIES | 
Eos 3/2 1289 708 87 62 
Fine eg! 189 59 12 6 
ac 3/4 159 46 12 9 
a= 3/3 119 30 4 5 
Se 3/3 54 13 a 5 
6. 3/8 20 2 1 I 
7. 2/5 15 I 
8. 4/5 13 4 I X 
O., - 1/8 13 I I I 
io 1/5 10 2 
11. 5/8 8 I I I 
12. 1/10 8 I 
H3. 3/40 8 
14. 1/6 6 4 
Ts. 1/12 5 I 
16. 3/5 4 I 
ais 4 I I 
18. 2/10 4 
19. 1/7 3 2 
20. 4/9 3 
21. 6/10 3 
22. 1/9 2 
23. 2/9 2 
24. 3/10 2 I I 
25. 9/10 2 
26. 5/12 2 I 
27. 7/12 2 2 
28. 1/16 2 a 
2g. 11/16 2 2 
30. 2/6 I 
31. 4/6 I 
32. 6/7 I 
33- 6/9 I 
TOGA IE I I 
95-. 4/1" I I 
S62) Gf tt I I 
37. 2/12 I 
38. 4/12 1 
39. 11/12 I I 
4o. 9/15 I 
Ai. S/16 I 


*The validity of the starred fractions is questioned. 
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TABLE 11. FRACTIONS USED BY MATURE PEOPLE — TABLE OF 
FREQUENCIES (continued) 


*The validity of the starred fractions is questioned. 


6/to0, size of hole.to be drilled, reported by a ma- 
- chinist. 

5/32, width of bolt thread, reported by a factory 
foreman. 

1/32, 1/24, 1/18, involved in the division of an estate, 
reported by an attorney. 

17/25, 9/15, 5/12, reported by a factory foreman in a 
problem involving successive lifts by a hydraulic lifting , 
jack. 

7/16, buying round iron, diameter 7/16, reported by 
a blacksmith. 

7/12, two problems; one relating to sale of eggs, the 
other reported by a marker in an overall factory. 

1/11, 4/11, relate to the cost of milk per quart and 
cream per pint respectively, reported by a house- 
wife. 

Most of the fractions reported are evidently involved 
in real situations. The doubtful cases are the three 
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fractions starred in Table rr. It will be observed that 
1/tr and 4/11 come in this class. It is not impossible, 
but improbable, that milk tickets would be bought in any 
other way than so many for a quarter ora dollar. 
The fractions 1/11 and 4/11 occurred in the an- 
swer, therefore, and should not have been scored. 
Fractions should be scored only when they are 
involved in a process. The appearance of a frac- 
tion in the answer only, merely requires that it 
be read correctly. 

The appearance of tenths in fractional form in- 
stead of the decimal form, even when money 
(mills) is involved, is a little annoying to one who 
prefers the decimal system. Fractions with 10 as 
a denominator (except 1/10, which is excluded 
from this particular statement) appeared nine- 
teen times in this study, six times where money 
is not involved and thirteen times where it is in- 
volved. The nineteen instances are noted briefly 
herewith: ‘ 


Without money: 

2/10, sale of cream, 11 2/10 pounds. 

3/10, buying coal, 4 3/10 tons. 

6/10, 6/10, time on printing job, 6/ro hour 
and 4 6/10 hours. 

7/10, buying coal, 3 7/10 tons. 

9/to, laborer spent 9/10 of his salary (ques- 
tion on validity). 


Fic. 5. FREQUENCY OF FRACTIONS AS PER TABLE II 
VY, 4, %, ETC., AS PER TABLE 
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Money involved: 
2/10, 2/10, 2/10, buying peauline 
3/10, buying gasoline. 
6/10, freight rate 5 6/10 cents per cubic foot on 
stone, ea =e 
7/10, 7/10, 7/10, 7/10, 7/10, 7/10, 7/10, buying gasoline, 
9/10, buying gasoline. 

Taking fractions as a whole as shown in this study, 
there is no escaping the conclusion that the work in 
fractions can be greatly simplified and still meet ade- 
quately the demands of business practice for the great 
mass of the population. Near the middle of the inter- 
mediate arithmetic in a three-book series that is gener- 
ally looked upon as progressive, the following fractions 
appear: 12/21, 36/56, 32/45, 54/56, 45/48, 38/90, 56/61, 
39/49, 76/90. Certainl¥-such a list of fractions should 
be carefully scrutinized before being assigned to fifth- 
grade pupils, in view of the simple list of fractions 
appearing in this study, which is based upon adult 
usage. 

The further one goes in the analysis of the processes as 
actually reported in this survey, the more convinced he 
is that life situations are much more simple than that 
represented in the old type of textbook. The work in 
accounts is very simple. Percentage chiefly involves 
single discounts. ‘The work in denominate numbers 
does not involve a single case of reduction, ascending or 
descending, nor a single case of addition, subtraction, 
multiplication, or division of compound numbers. In 
fact, denominate numbers merely come in as names for 
simple quantities and measures — bushel, foot, pound, 
and the others in common use. If the adults who carry 
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on the business of the community and the nation do not 
find it necessary to do work in reduction, why should 
the children be annoyed by this difficult and useless 
process, difficult largely because useless, and therefore 
impossible of proper motivation? | 


Vv 


TOPICS, OR THE SUBJECT-MATTER OF 
ARITHMETIC 


THE instructions for scoring the topics in the 1918 sur- 
vey were very simple. It soon became apparent that 
practically every problem involved buying or selling. 
The simpixst direction, therefore, was to note, as topics, 
the articles bought or sold. Table 12 gives the complete 
list of topics involved in the study, and the number of 
each for all occupations and for four selected occupations 
— housekeepers, farmers, mechanics, and merchants. 
The entire list consists of 94 topics, totaling 14,288. 
They are listed in alphabetical order. ‘The effort was 
made to avoid general classifications. It is an easy mat- 
ter for any one to combine different items under general 
heads. For instance, it is apparent that the various 
topics relating to food are of large importance. They 
include at least the following, taken direct from Table 
12: Butter, 394; eggs, 462; flour, 117; food, 148; fruit, 
334; garden truck, 63; groceries, 3398; ice, 26; lunches, 6; 
meat, 663; milk, 736; pastry, 36; potatoes, 203; recipes, 
22. These topics relating to food total 6608, or 46.24 
per cent of the total of all topics. 

In similar manner it is possible to bring together the 
topics that relate to clothing. These topics in the table 
would be: Clothing, 430; dry goods, 1195; merchandise, 
16; miscellaneous, 834; shoes, 89; millinery, 4; giving a 
total of 2568, or 17.97 per cent of the total of all topics. 
In this list ‘‘miscellaneous” could not all be counted as 
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/ clothing, but a considerable part of it should be so 
_ counted. 


TABLE 12. TOPICS, OR SUBJECT-MATTER OF THE PROBLEMS — 
FREQUENCY OF OCCURRENCE 


(For explanation, see text.) 


List (ALPHABETICAL) 


Pa AITUSEMCI ESeie.y «paces st siete + + 
PU AUCHOM SAIS 5 si0s « o.os6 esico 
3 Autos and supplies......... 
4 Board and lodging......... 


Gees Oaktle. Oo <b ac pe ene ca ve wes 


POR CIOLMNNG eh ones vac gcteres 
Peg Gabere slatisace srviccrcatiuew platens 
MAT COUSETUCHION. «2016.00 c- < re ='e 


m7 Wentalework ccs vices e6ig ss 
TORI ISNES Fety oie tnlndie Seo wes 
GWA MULSS rc tarts ecwsave revels acis.c.9 ers 6 
OM RVArOOUSA ook baa feos s ges 
ESCO Sie ty cteies1s.0 8 ateiwlerels ails: 0.8/ 5 
OWNS IGCLTICICY <3 a5 c.cse.e si cialores 
23 Farm products (other)...... 
DAM CCO ai eloiacdl egies siursia'qittaists 


PUB CLEA cp pastas ciate, cise al gece ofa 
BON LOCATICS s 2 saci drain'e't cvcle os 67> 
37 Handwork....... SoG Se 
BO IATA WATE < veils cc cles nebices 


POOP ELUIMDING Seats wees dete pes 
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TABLE 12. TOPICS, OR SUBJECT-MATTER OF THE PROBLEMS — 
FREQUENCY OF OCCURRENCE (continued) 


(For explanation, see text.) 


Att Occu-| House- spo 
PATIONS |KEEPERS Paro CHANTS 


List (ALPHABETICAL) 


42 Hose abersieeatslersinte cumseteiter<c 
AS WELOVSOS jis ose! otorsccra cieweis. 6/89 aha 
44 House furnishings..... 
AGUNCO ig ra cisih c cicie een Colere areas 
46 Implements and machinery. . 
a@7oiron' and Steel. 2.0 y<s'sse 38 
AS PICWEILY aig celhig is veleraiswies chats 
49 Labor and wages........... 


IGS SILOCRO CUES. aoc cicie-< o's steyeis 
BonbuMber ss. wack wceiete ? 
| 54 EU CHES Aree ae nis ccd ais etal 
ig5 Making change............ 
BOT NICAG ers wire Gelpa sche vai tale 
7 WIeCICAl dG 7.1.'sic eit vie ote 
58 Merchandise. ........2..005. 
GO IVEMIE tarts eiaiaic ase aistnia tea nie ik 
Gor Mullinery cn akties aa csates acta 
6x Miscellaneous (Christmas)... 
GPE MUSIC Baars nohien tosis 


WONT OLALOES visa bance Suk cscs oe 
FL POULLY is: wichs ¢ acbig somein ete ke 
Oa MRIN EN GaN ie he's, Sows ries Re 
73 Real estate tannic auromeaescs 
WAR ECIDESI eek ace stare eee oe ee 
WES RENCL aaa Uc tuisio meee ae 
WOCREDAITS cre bitet When oi cate eee 
WT MROCK Rs Sa pes he RL Ee 


Cow eee eee reese resees 
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TABLE 12. Topics, oR SuBJECT-MATTER OF THE PROBLEMS — 
FREQUENCY OF OCCURRENCE (concluded) 


(For explanation, see text.) 


List (ALPHABETICAL) 


80 Savings and expenses....... 
USCC Site cherictc Fics aes ieee 6 


85 Stamps and P.O. matter.... 
BOL StAtIONETY.. 05s. c eee ek ses 
By Lelephone?.:...< ores css once 
MPL CUS tees leiais 05x15 i dees 4 Ze > 
eo rile: and bricks). ...0c.400 = 
WO MEEIUACCO so c'v'e's siaieiy ce nindine 
PUB ALCES Is sinc ole cst ccetee cc at 
Ce ANS a Ns cea 
SMM RCAD ais op feiss ce «oS ng oo os 
AMA MOO Merci ctic aero eos 


I 
1 eet as [Bao [oar | | 


It is possible to combine the various topics connected; 
with farm products in a similar manner. They are listed, 
separately under the heads of corn, grain, feed, farm 
products, hay, oats, wheat, hogs, horses, hides and 
leather, poultry, and sheep. These topics total 1051, 
or 7.35 per cent of the total of all topics. These various 
items relating to farm products show some overlapping. 
Grain is so classified when it is a combination of several 
grains in the same problem. Feed usually relates to hay 
or grain bought by the farmer for feeding purposes, 
while the topic, farm products, is usually a combination 
of various items in a single problem. It is seen, there- 
fore, that some general terms are used, but the details as 
given are much more definite than if all of the articles 
had been classified under the single item, farm products, 
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or even under two general heads, ‘farm crops” and 
‘farm animals.” 

There is apparent overlapping in having coal, fuel, 
electricity, and light listed as separate topics. These 
four topics together total 583, or 4.08 per cent of the total 
of all topics. It was not possible always to tell whether 
electricity was being used for lighting or heating; the 
same was true of gas. Sometimes different topics were 
involved in the same problem, so that ‘‘fuel”’ became 
the most convenient term. Thus each of the four topics 
here listed appears to justify itself. _ 

Since the topics are listed in such detail, it seems un- 
necessary to enter into an explanation of each one. 
The fact that so many tallies were recorded: under the 
topic “miscellaneous” was due largely to the fact that 
many of the problemsyvere gathered at the time of year 
when Christmas presents were being purchased. In 
spite of strict instructions to classify no problem under 
“miscellaneous” that could be otherwise classified, the 
number of scores under this topic persistently increased. 
The Christmas shopping seems sufficient explanation. 

Even with the list of topics so extended, it is surprising 
how large a per cent of the total is included in a very few 
topics. For all occupations, the ten topics with the 
largest scores, and the number under each, are as follows: 
Groceries, 3398 (nearly 23.77 per cent of all); dry goods, 
1195; labor, 743; milk, 736; making change, 712; meats, 
663; eggs, 462; clothing, 430; butter, 394; fuel, 382; total, 
QI15, or 63.78 per cent of the total of all topics. 

The topics vary somewhat in importance with the dif- 
ferent occupations, but in all occupations it is surprising 
to note the importance of groceries, dry goods, and 
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clothing. The ten topics scoring largest for housekeepers 
are: Groceries, 2419 (29.79 per cent of all); dry goods, 
943; milk, 545; meat, 501; making change,’ 495; eggs, 
308; butter, 294; fruit, 278; clothing, 226; labor, 166; 
total, 6175. Since the total of all topics for housekeepers 
is only 8119, these ten items amount to 76.04 per cent of 
all topics for housekeepers. 

The ten topics scoring largest for farmers are: Gro- 
ceries, 104 (11.09 per cent of all); hogs, 98; cattle, 60; 
poultry, 51; corn, 46; labor, 44; feed, 41; real estate, 31; 
other farm products, 31; clothing, 28; total, 525. Since 
the total of all topics for farmers is 937, these ten topics 
amount to 56.03 per cent of all topics for farmers. 

The ten topics scoring largest for mechanics are: 
Labor, 43 (14.09 per cent of all); groceries, 40; fuel, 27; 
dry goods, 22; milk, 12; making change, 11; paper, 10; 
butter, 8; rent, 8; meat, 8; total, 189. ‘The total number 
of topics scored for mechanics is 305; hence these ten 
amount to 63.98 per cent of all topics for mechanics. 

The ten topics scoring largest for merchants are: 
Groceries, 117 (27.78 per cent of all); dry goods, 49; mak- 
ing change, 30; fuel, 18; hardware, 14; labor, 14; eggs, 
13; clothing, 12; milk, 12; butter, 9; total, 288. The 
total of all topics for merchants is 421; hence these ten 
amount to 68.69 per cent of all topics for merchants. 

It seems unnecessary to show detail of topics for each 
of the 155 occupations. The four selected occupations 
are, on the whole, quite representative. There are only 
a few topics in the entire list which do not appear under 


t “Making change” is hardly codrdinate with meat and eggs, but the 
study came out this way and so it is included. The clerk’s part of a 
transaction is making change. 
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one of the four selected occupations. Topic 2 is an illus- 
tration. There were two problems reported by an 
auctioneer which related to his fees for auction sales. 
There was no other good way to classify them, and so 
the topic “‘auction sales” was added to the list. So in 
other cases the list was extended when necessary to afford 
a proper classification, even at the risk of too much de- 
tail. The list is believed to be representative of the 
articles entering into business transactions in rural and 
urban districts in the Middle West.* 

Question: Do not the data of this section argue strongly 
for an entirely different organization of the problem or 
content part of the arithmetic work? What is the sugges- 
tion? 
Evidently the suggestion is that instead of isolated 
problems involving details hither and yon the country 
over, and subordinated to a process such as addition or 
multiplication, it would be more in keeping with actual 
life conditions if children were given work in such topics 
as: 

Buying groceries. (Shall we buy groceries at the cor- 
ner grocery day by day as needed? Will it pay to buy 
canned goods by the dozen? What groceries may be 
bought in quantities? Are there enough differences at 
different places to justify giving attention to where one 
buys?) 

Buying meat. (What cuts shall I buy? Where? Isit 
possible to use judgment in buying meat? In case chil- 
dren live in a city where fresh fish is readily available, 
is it possible frequently to buy fish advantageously ? 


« See later chapters of this work for similar data for the East and Far 
West, and note the similarity. 
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When should certain kinds of fish be bought? Poultry 
gives variety, but can it be bought as economically?) 

In similar manner, buying dry goods, buying clothing, 
buying the coal for the winter, etc. 

Work of this kind, helping children to use judgment in 
spending money, is directly in line with the needs of the 
children and of the family in most cases, and it is dealing 
with the thing which is or should be happening daily in 
the homes of the children. This work may lead to such 
comprehensive views as budgeting the family money. 
How should the money for clothing be divided among 
the various members of the family? How much should 
be spent on movies, shows, trips, etc., for enjoyment and 
recreation? In case little or nothing can be allowed for 
travel and hotel expenses, what are other inexpensive 
means of enjoyment and recreation? The food item in 
the budget is not exactly constant, but it cannot be re- 
duced below a certain minimum required by the size of 
the family and the food needs of its members, but other 
items in the budget are more elastic. Are we paying too 
much for rent? Should we take a cheaper house or apart- 
ment? Is it better to rent than to try to own a home? 
What provision should be made for insurance against 
sickness, accident, or death? What proportion of the 
income should go into savings? The proportion for any 
item, of course, will vary with the amount of income, the 
number in the family and other circumstances, so that 
judgment is always called for even though a fairly good 
set of general principles have been worked out.? 


t See Eighteenth Annual Report, Commissioner of Labor, 1903, p. 107; 
Bulletin, Bureau of Labor, No. 88, May, 1910, p. 716; and Standards of 
Child Welfare, pp. 26-43, Bureau Publication No. 60, Children’s Bureau, 
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The simple answer to the question set for this section, 
seems therefore to be: more and more the work in arith- 
metic should direct attention to the use of judgment in 
spending, using, and saving money. Nine-tenths of all 
figuring done by adults is done when money is involved. 


VI 
IS THIS METHOD ADEQUATE? 


THE school-pupil-survey method was devised as a 
means of securing large returns over an extended area 
fairly quickly. It was realized that this could not be 
done by individual interviews. Since the questionnaire 
method had also been tested and its inadequacy proven, 
the school-pupil-survey method was chosen, after a pre- 
liminary trial. Is the method adequate? May conclu- 
sions based upon the data be relied upon? How much of 
the country was covered? Are the results representa- 
tive for the entire country? How many occupations 
were involved and in what proportions? How impor- 
tant are the omitted occupations? These are some of 
the questions that should be answered. 

The 1918 study involved people in three States. 
An analysis of the occupations and comparisons with the 
census classifications of occupations is exceedingly inter- 
esting. Since it also helps in dispelling doubt as to the 
adequacy of the method, it seems worth while to include 
a certain amount of the data here. Table 13 shows the 
towns and cities from which the data for the first study 
were gathered. It shows also the number of persons 
reporting from each, the number of problems received 
from each and the average number of problems turned in 
by each person during a two-weeks period. 

A more important question, however, is answered, in 
Table 14, which gives a complete list of the occupations 


39 


WHAT ARITHMETIC SHALL WE TEACH? 


involved, the number of persons from each occupation, 
and the number of problems reported for each occupa- 
tional group. The 4068 persons are distributed among 
155 specific occupations. For convenience in reference, 
the list is arranged alphabetically according to the com- 
mon or most likely designation. 


TABLE 13. SOURCE OF INFORMATION CONCERNING USE OF ARITH- 
METIC IN DAILy LIFE 


Van Cleve (con.)*.......... 
uther (com). .cccs eee: 
Gillett Grove (con.)......... 
Somers: (CONs)- 6 Soecvmie serie an 
Martelle (con.)........-.% 
Westheld ais.08 ac acatadeoire 
New Providence (con.)......- 
Meservey (con.)........--+-- 
Grenville (con.)..........-.- 
| Dal sv ee eR a pekes 
Bertil Cows) tis ta. bere tele tees 
Galvan(Con.) sec tsetinas itsnnitive 
SOLON oes maces Pareto eee 
LEANING Meise lcig C50 Oe las ae 
Tesupi(con,) i. % 3b) vineweien 
GindbrOOK. ls acc oes ie eee 
MEracye (Conon. sean ae beret 
Story Creveicy on ot tn came eee 
SIZOUIMEYE as Gsteoctonte vee eee 
Miarshalltownlsco: wee eeey 
Ope eas Gan sc sour ccna 
SiGux City st 7S ee elas 
Duluth; Minn...on ssc dee nes 
owas partsiots: sae ites 


sist tala 


* (Con.) means consolidated. 
IgIo. 


Ww 


HPNYOWBHAWHRHOW NOR WN HW O NW H HW 


OOR OHARA AUH DAN 


Ho) MNbORAD 
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TABLE 14. SHOWING THE OCCUPATIONS REPRESENTED IN THE 
STUDY WITH PERSONS AND PROBLEMS UNDER Eacu 


OccuPaTIoNs 
Wem AUSLIACLOIS iealsislocGeciscecicciecs seca ccees 
DI BCLOES Lc ivat seies fe PERIOD CCIE OEE 
3. Advertising managers............... ide 
4. Anti-Saloon League superintendents...... 
go Architects, .6.< 6s Pt RGA ee any ORE NOE Nears 
Gm MUGHONCEIS vcs ciecer cease veanate AGO 
7. Auditors..... BORO EEE PEO ORs 
Sep AVEO ACHIETSs o.c.cs'c ei caciciat name cincsesices 4 
Ore AOMDEM ets adies vr ccs cases shee ene oes 
POMMETETS ra ctoisicitise neers vciniaie ee itseReS Tinie 
MP SIUCCES or slarcigcCtetolsiscoe preciec wicleet cssieierare e's 
12. Barbers...... Pr aeiiveniaisia sare crane emeiae Cenk 
aa OASKEL-IMAKCTS sens sco haesciees secrsce os “ee 
14. Blacksmiths....... bb sleaeten natant dened Paces 
Tia BOMCEMAKCISivccsccvsceece esse ae Mtrcire 
16. Bookkeépers......... Pie neces ae 
17. Brass workers..... Oke e, eT ci ARONA SSC eis 
18. Brick dealers........ ot Ge DI OIE TONOR ° 
TOM EMAILS WOLKELS ov seeccheccse iscie apis ae 
BO. Brokers. . 3... 0s6 dit okintuicionighunokatiic 
at. Butchers....... Sane cinot tion state c 
Bee PULLCL-MAKCIS, velede seca seetse tees cee a 
EA euAe Abe NOUKEES « alercis die s'e)s <ieieie nie 6'¢ viele Abe 
em OAL OCTICEI Sc cieredic isietise teens tise tin ce ses s 
25. Cashiers..... Aenea ccs Berusicieiee 
6, sCementiMen..... .eresce sen Sera eaceliaie sa : 
27. Chambermaids........ Scincenddtonmicar ; 
SS mCIzAr ManulactUrels: faeces atte es cscs es ‘ 
ROMOICATICIS «ce givislecisicecs soo esa ea seca s 
BOs Clerks: t.06 «0/09 Maietemertne Metee rcbia seis: soar 
BT MOOALCCAICNS cic oectsecde chet as pesdlorecia ot 
Bae MeGAlMUNELS. «c's c ass savas cseee e elke 
SSC OMILECUIONCIS yas onto ciet sdec center ns ee es 
BAC ODLTACCOIS <clarsis sitio oie soe bs oe ane ec ain 
BSG COOKS ina asians He ine OHO CES ICO OC A 
36. Crate-makers....... SC SONS OCHRE 
BT CLeAIMeLy WOLKEIS. 24.0 adbccess eres ores ; 
Or P ALY INEM a whie a1 Hee oa bcoeioinveeacs sce s.6:0 
39. Dance-hall managers..... Pics stress 4 
AG MPICCOLALOTS cls ss ciaeks te ese8 ideaieteiecarereie oie" s 
A AIUSECHOT Sc iuig ie cierctc ede tie aie's 2's 0,0 OPP waar whe 
Ae DIOCUONS 4-550 wise ire die! siels'sis sie od 0: Mewes tee 
APP LAN INCI trie cis ecsjeltin tie se acicios ¢e's.0 9 n1614 81 
Am IECSSINAKETS.sGiejoe tase cies eile Taya nent 
Beer OISS a ciwidanisls sigs bee vices viea5* aes 
4O. Editors... .ceseerereveseeereees AR ORE 


PERSONS 


Rb 
FOOMUNHHN DH DH HD 


Lal 


i 
w sr ose 
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HO COW 


PROBLEMS 


Lal 
° ® 
BrAnHIwW HEE HAS KWON 
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whe 
andcad 


Occupation PERSONS 
47. Electricians....... ab wieiee wiaitiacineieie’icsc specks 
48. Employment agents.......--++eee- waa 
AO ESTP ICEL Ss oar «since sao sisve rs eieeceiecraibrelo cooks sare 20 
50, ISxXCaVators... 5... cae eens Pale sate iioits ie Nee 
S1.. EXPresS MESSENGETS. 2. 2... cece cease cines I 
52. Factory superintendents. .........eesee- 4 
IS QraMaLINELS iis brine. de ca cee eejars a reeiars AAO. ris: 
54. Feed-yard managers..........seecceees one 
Gi Ris Aes aber ibie Vanni Go poemone 9 
ROM EROEISESiacc Gracalsisionin paginas ls iereaiea sidcrres 3 
Si EROLEINEN : aisisinaiien sah a Mareen ele arenas 51 
BS. wrutt: dealers... cscs cieier bine cp aleotie cia eae 
BOasw Uni ture CeAlers cis eres aisce'sia waioia ae syaiera 3 
60. Garage Managers.........eeeeee Seceieares 4 
Of.= GaTUCRETS.. os, at esis lee dere sisrelccnceng POOEOE I 
62. Grain dealers...... Seralhe wee are 9 
63 GrOCOlS ein ais sye.slonie sine tin Creamers <sauedo 
Gib GUTEELS fy feta s iatiesis Gate ot canare aren inleseieieloats I 
65. Hardwaremen and tinners........... Pen ae 
66. Harness-makers...... Rebcs eas aman aisle 6 
67. Horse-buyers..... a CCL 3 
68. Hotel-keepers........ Sane alsrayeiehate AS SAS 5 12 
69. Housekeepers........ iastoais Staaten a aaws 1,996 
wo. Ice-cream makers:.....0.s2s0i0ue Roast I 
ip Gest Ke V0) eer ROR ere RODE x 
72. Implement dealers.....<ssiccecsisweesesivice 8 
72 MEUSUTANCe: AGENIS: wiv als as Gace cedn ae cei 19 
FAs SALONS WOTK ETS certs seh Gena beaten eaiaattee 2 
7 Se ANICOLS as vtecavsitea ose Siete ala crete sate inca mnaneaas 9 
7O;= | CWELELS he c:'s sein esls Dane eared Uiela aie eueiate 5 
i fy Bese RibV sata (GON (25 os eae bari aR ea aA ee 2 
WO. LADOFELGams.sn aver x cass eine eae Oe 120 
Ow ANMLOLASi as. x ciete none ane ges enstacteme ee ee I 
SOs AUNTY MIEN | swe earl ek are ease 2 
81. Lawyers........ Tete Gueve Mega Tee chaisksroerets 16 
82. Liquor dealers..... wsew ak wala eie be wot 
83. Liverymen....... ere er clare Araceae erates ses 
Sd sem DerMeniac anus sawo seen emee ee 14 
85. Machine repairers. .........000% Aprnaes. 5 
86. Mail: carriers. <n ke Oe ee ee Io 
87. Masons, brick and stone........-eeseees 33 
83: “Manulacturersicac5 sas kee oka eae RY 
89. Material-makers........ ainralasetlsearens ate 
go. Mattress-makers....... sreqaia Sierepecsmepepctoas aun 
OT Mecha nits. yin, ss cccienullor eae aos 88 
92. Merchants........ Aechorcnet fe Ses ioe 168 
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TABLE 14. SHOWING THE OCCUPATIONS REPRESENTED IN THE 
StruDY WITH PERSONS AND PROBLEMS UNDER EACH (continued) 


PROBLEMS 
50 
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TABLE 14. SHOWING THE OCCUPATIONS REPRESENTED IN THE 
STUDY WITH PERSONS AND PROBLEMS UNDER EACH (continued) 


Occupations PERSONS PROBLEMS 
93- Millers..... Solel wisi e/a ie) ioleleiwis sie 5.6 sle/e aisjsiereeae iE 62 
GAC EINISECTS 212 «close o. atsave sina Gea Wis ais ioieleu isin 19 42 
Ste MIOLORMET 2 oi ei'x g:cssiciaavaiais Gaceisicw.eeseicias “yee 3 38 
96. Moulders...... ioe Alar aout ieielisteniocns Rens) 40 
BS Je mNATISECNATIS 35 (he wnilps syn olislesaiovaigis dave eevee we errs Be) 
98. No occupation given......... epeihetedeaers «93 205 
OMMINIESOSSc0e721 <close"s ig Sissajelareieteciwateleieeieiaieioe 4 14 
LOOMOPICEACONS 5 io sias0 ao fo ee isnvininvereiecisveienevelevs eens 8 
1o1. Painters and paper-hangers............6. 31 121 
OPM CUGIENS ... 5:51 aierors reieasieisue's erage acofeleretcreiers 7 8 
103. Photographers........ Soiseas siaiassoisincoheue ww 4 II 
TGA RIANIO!GCOICTS 0; <olcrauv-<ie'sjais-elnisyetershejnvoieie Ring ou 4 a 
105. Picture-show managers........ Fame wits An Ok: 2 
POOMMENTIO DCIS") 5 ge ain wteceec oyetexstnsaveunid ehaseiasoneie ere 7 17 
Oya RDLASLOTOLS <7 o's! wreipisversiiaisisisista,aieseinieiloieseis Be hay. | 8 
TOS AE OMCEHIEIES 2 5 05 0 pve fhe sle tio oie veiw vo Boe 10 78 
109. Post-office employees. .....0.20c000c00e8 aco 25 
PLO MPELOSEMMASLETS «ce rrousin ne e/0/4 a4 os 4.e)e.se neces Sian: 3 
DEEP EOULY Gealers.. 51. sjctera dle: o:sinceivisreve'e. gins vie I 2 
BRUM ESILICCTS 8 Aric rcrs atoreis clers @ oom ore ie oloraios:o'eto seas 80 
113. Produce dealers........ eicleteierel stats et oTe ar ee 2 
PAA UT CHASING ALCL ES 5 cceicre bin. wale. sielei oie oaie-tle I I 
AC oemal Wav DIAKOMECD .oic:ceaes cers eeaes sips 3 3 
116. Railway employees......... Biclaatce 113 385 
117. Railway engineers........ SSeS OSA A OSS: I 
118. Railway freight agents....... oe Wilevorete SAGE ES I 
119. Railway section hands...........+.0. Aor a 4 
¥2on hallway ticket Agents... .cccccsccsieccncee 0 39 
121. Real estate agents......... eleirate elsioiets Ane} 82 
122. Restaurant managers..... AG wie io thue eine ee eae 8 
¥23. Retired DUSINESS MER. 1.02% 1.22 00's ANG: I 
124. Sailors...... Bia areraT oe (e eee Beate ajo PD I 
erg real eSIMOM ier creaisitis sieleieiaieieivic sci visie «ln «ei war Og 197 
2b Pe SALOON KECPEES a vic 2/5) ieieies arvis'a o'a,eiea'e a's were ok 10 
127. Salvage Corps captains.......ssseeees A ee I 
128. Sand-haulers............ sigur Bon epege vied 3 
EZOn SCHOO! LCACHETS.5 6 sieiw vies evesia dice see « Sobae a: 14 
130.) Onerifts |. <7.)2 s/c Mcvateaiereiiore sree ae Arr e.. 7 
EZPOVOCMAKCTS «ss acioisecawecaccedsicesciisisee © I 
£32. Oho Merchants... cseccreoses ese pace cose oO 31 
%33- «U0 builders. 2... S:i.<ee Te Je Rarer ee: 3 
134. Skating-rink managers........++q++e0e Gen bo) 
135. State-house clerks.......cesccessereoeee I 2 
136: stock dealers. ...... 06506 SSGECE GO SHOSEE Ae! 36 
137. Stockyard employees......sesscvecccees 16 19 
138. Stone (cut) contractors. ..sseeeeeeeerees I I 
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TABLE 14. SHOWING THE OCCUPATIONS REPRESENTED IN THE 
StupY WITH PERSONS AND PROBLEMS UNDER EACH (concluded) 


OccuPATIONS PERSONS PROBLEMS 
T30. OWICCHMEN, ..ceccvecoccvecdevdvesseres 4 19 
440; “Pailors:....% wi Oe set eee shceh meas’: Seer 5 
TAT Laxi-Cnivers,..c acces eee eos Sweiswialec cere hs 5 
¥A2 REAMStEIS. - ice cast waves eikiererera oes 6% 179 
143." Telephone managers....dsccscccccseeses I I 
1444. Telephone operators....... ee caw Beary aa 15 
145. Theater managers........ Rea RU eee epee: 4 9 
146. Time-keepers........ Rinraerale ne erarefareicicrs ene 2 
147. Truck drivers..... Sea webes sigwele Ae Srna 2 4 
TAS MUNGCECAKCTS: occ'e wa war Wie Weta ea einen ies ae eee 4 
TAO, WWASHWOMEN, coe cice cvasscccesecs SiSWicke ent me 5 
TSO: RNVACCHINEN 33. viv a.ceks S 4 se nie'enes neces 16 
151. Water meter inspectors... .....eeeeees Aim pe 9 
LEO OVVAR MIO ITE ALISES os, b vr vielaretierieniek Shean * 3 
HS3.8Well-diggers. ta. winks oes ee awe-ea ys Saree 7 
154.) Wholesale dealers. ..c.s.eceeveee ss Risse)» LO 32 
155. Woodworkers...... wecececccceccesevees 5 6 
OtAlS wicca esict ctu s sere slvielsie teieitieren cdOUs 14,583 


How fully are the different occupations represented? 
Comparisons with the study of occupations by Dr. 
Ayres? in which 68 occupations were noted as the im- 
portant ones in cities of 50,000 or more, shows that the 
1918 survey contained data from 62 of the 68 important 
occupations. The 6 unrepresented occupations were 
waiters, servants, hucksters, tin-plate workers, hostlers, 
and upholsterers. It is evident, however, that these six 
unrepresented occupations would not do a type of figur- 
ing different from the others. 

Comparisons with the complete table of the United 
States Census (1910) is equally convincing as to the com- 
pleteness of this study. The 1910 Census gives particu- 
lar attention to occupational study. It lists? roz fun- 


* Ayres, Leonard P.: Constant and Variable Occupations. Russell Saga 
Foundation. 


2 Table 14, vol. 4, p. 53. 
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damental occupations under nine classes. The propor- 
tion of people in each of these classes for the entire United 
States, the same data from Iowa and the distribution of 
the occupational groups involved in this study are all 
shown in Table 15 which follows: 


TABLE 15. SHOWING DIvIsION OF WORKERS AMONG THE MAIN 
OccuPaATIONAL LINES IN THE UNITED STATES AS A WHOLE, 
IN IowA AND IN Tuts Stupy 


UNITED lowk 


STATES 
(Per cent) | Per cent) 


Tuts Stupy 


Cass (Per cent) 


. Agriculture, forestry, and animal 
BUSDADdTY htc e coc cae stones 

. Extraction of minerals............. 

. Manufacturing and mechanical 
PUGUSEMIES ccc ote aise bok eoieies cares 


i] 


BMA OO apes oie viiolc shocapetd gre cavelois wicks 
. Public service (not elsewhere 
Classitied) pene e-8 Wh A fers tecteie tate 


On wr 
Z 
B 
S 
a 
ed 
je) 
B 


. Domestic and personal service...... 
a Clerical occupations.:< <5... 25 sis's’s 


© oon 


MOtAlShe ey in Sores coe ee a aene 


This table shows that the nine fundamental divisions 
of industry are very nearly in the same proportions for 
the United States and for Iowa. Iowa is above in (1) . 
agriculture, (4) transportation, (5) trade, and (7) profes- 
sional service; and a little below in each of the other lines. 
The parallel is close enough to indicate that Iowa and 
the Middle West are fairly representative of the entire 
country industrially. The specific occupations of the 
entire United States as they appear in the r910 Census* 

. number 429, and 403 of these appear in Iowa. 

t Table 11, vol. 4, pp. 110-22. 
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The last column of Table 15 of the present study is 
secured by dividing the occupations of Table 14 among 
the nine basic divisions of the 1910 Census, and then 
figuring per cents. However, the base for figuring per 
cents in column three is 1979, instead of 4068, the totals 
for Table 14. This is because housekeepers (1996) and 
no occupations (93) are omitted from consideration in 
the census data. The wide departures in column three 
from the situation in Iowa or the United States are found 
upon examination to be desirable for purposes of this 
study. 

The decreases under items 8 and g are to be expected, 
since mature married people are not engaged in large 
numbers in domestic and personal service or clerical 
occupations. The figure for item 7, professional service, 
is practically the same. as for the United States as a 
whole. ‘The increases under items 3, 4, and 5 are de- 
sirable because of the large number of specific occupations 
represented under these items. It appears that the people 
engaged in manufacturing, mechanical industries, trans- 
portation, and trade were ready in their coéperation, 
indicating intelligent understanding and appreciation of 
the work of the schools. That these lines are slightly 
larger in proportion seems acceptable also because these 
are the lines that are ordinarily thought of as best repre- 
senting business and industry, for which the arithmetic 
of the schools is designed to prepare children. On the 
other hand, the decrease in proportion of farmers, item 
1, is no particular disadvantage, since the total number, 
2098,' is sufficient for the study, and farming in the Middle 
West is not a highly diversified occupation in the sense 
* See item 53 of Table 14. 
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that “manufacturing and mechanical industries” is a 
diversified occupational field. While the number of 
farmers is low in proportion, it is sufficient to give a good 
list of representative problems. 

It will be well to analyze the specific occupations of 
Table 14, p. 53, vol. 4, of the 1910 Census to see how fully 
they are represented in this study. The nine fundamen- 
tal lines contain a total of 101 groups of occupations as 
follows: 


1. Agriculture, forestry, and animal husbandry....... 10 groups 
Baiextraction-of-minerals i.) tis: Ws-w cy ows oe w be eee 4 
3. Manufacturing and mechanical industries......... 25 
eR RMESEVOD Soin. 0 ou aicinidis, sie'e «coeds ae We vclocsia sews 16 
ere oe ee oe atre ies cece enact II 
6. Public service (not elsewhere classified)............ 6 
47, Professional service.............. Bae itactanels oxeisiaels 9 
8. Domestic and personal service........seeeseeeeee 16 
g. Clerical occupations...........0+.00- geeeecceeses 4 
: 101 


There are in the table twenty-five additional heads, 
such as “all others in this division,” “apprentices,” 
“laborers,” or “semi-skilled operators,” that repeat 
other items. These are not considered for the reason 
that people in reporting themselves as in the present 
study do not indicate their scale of proficiency or ad- 
vancement. They merely report the industry, unless 
the position is an advanced one, such as foreman, mana- 
ger, or superintendent. 

Taking ror as the number of specific occupations or 
occupational groups in-the 1910 Census, how many of 
them are represented in this first school-pupil survey? 
The answer is 93, or all but 8. The eight groups not 
known to be represented are: 
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. Artists, sculptors, teachers of art. 

. Dairy laborers. 

. Deliverymen. 

Gold and silver operatives. 

. Hostlers and stable hands. 

. Messenger and office boys. 

. Sewers and sewing machine operators (factory). 
. Waiters. 


COW AK PW BH 


It is possible that some of these occupations are covered 
up by general or similar terms in Table 14. Dairy labor- 
ers may have reported themselves as farmers, stable hands 
may have reported themselves as liverymen, waiters 
may be included under another term. Some of these 
occupations are scarce and some are juvenile, so it is al- 
most certain that some of them are not represented among 
the class of mature married people forming the basis of 
this study. 

A word may be added as to the more or less unscien- 
tific character of the classification of occupations as they 
appear in Table 14. The desirability of a careful classi- 
fication of the occupations represented was considered 
early in the study. It was permitted to take its course 
unchecked by any formal scheme because: (1) of the dif- 
ficulties involved, and the extra labor and inconvenience 
placed upon codperating teachers and superintendents; 
(2) of the realization that the final returns would not be 
much more reliable anyway, since the codperation of 
children was necessarily involved if large numbers of re- 
turns were to be secured; (3) of the evident fact that the 
validity of the study would not be impaired on account of 
the absence of a plan of checking occupations similar to 
or comparable to the census classification. 
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As a result of the plan used, some classes of occupations 
are known to be quite extended in range. Notice a few 
illustrations: 


I. 
2. 


K 


6. 


Veterinarians are included under doctors. 
Boarding-house-keepers are included under hotel-keep- 
ers. 


. The term “Salesmen” covers salesmen, city salesmen, 


traveling salesmen. 


. Many are reported as merchants, without specifying 


the line. The term “ merchant” is known to cover milli- 
ners, department store operators, butchers, grocers, and 
others. 2 
“Railway employee”’ is known to cover the following: 

Box-car repairman. 

Cashier. 

Car carpenter. 

Car inspector. 

Chief clerk. 

Conductor, freight and passenger. 

Division freight agent. 

Locomotive fireman, 

Passenger agent. 

Railway statistician. 

Street-railway conductor. 

Street-railway motorman. 

Steward. 

Storehouse manager. 

Switchman. 

Telegraph operator. 

Train auditor. 
“Laborer” doubtless covers many other specific lines 
in addition to the following which appeared in a brief 
checking: 

Boiler-maker. 

Box-maker. 

Bridge gang worker. 
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Cabinet-maker 
Caterer. 

Chauffeur. 

City employee. 
Excavator. 

Foundry worker. 
Gasfitter. P 
Gunner. 
House-cleaner, 
Lumberman. 

Mill engineer, 

Oil driller. 
State-house workman. 
Steamfitter. 


In conclusion, it must be apparent that this study has 
a basis that should give reasonably representative re- 
turns. It is based upon a section of the United States 
which may be taken as representing the entire country 
about as well as any section that could be chosen. The 
fundamental occupational groups are represented on a 
satisfactory basis. The specific occupations are well 
represented and those not appearing are less representa- 
tive of business and industry in general than those which 
do appear in the study. Under the circumstances, it is 
believed that the problems gathered show fairly faith- 
fully a cross-section of the social and business usage of 
arithmetic. 

No one who will take time to examine the data can 
doubt their validity. They were gathered through the 
honest and earnest codperation of parents, pupils, teach- 
ers, and superintendents. There is no better foundation 
on which to base the gathering of data. Opinions were 
not asked — only a simple report of facts. What figur- 
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ing did you do to-day? That was the question. The 
problems were to be noted only, not solved. There 
could be no motive for obscuring or changing the facts. 

The internal evidence that the data were faithfully 
gathered is seen in the changing nature of the problems as 
they came in at different seasons of the year. Practically 
the entire year was taken in securing the problems. As 
one superintendent after another expressed an interest, 
detailed instructions were sent to him and he proceeded 
to organize his teachers for the work. Some superin- 
tendents did this early in the fall; others not until near 
the close of the school year. The seasonal character of 
the problems corresponds to the dates upon the papers. 
Taxes were being paid only at tax-paying time. In De- 
cember it was more and more apparent that Christmas 
was approaching. In the spring vegetables were bought, 
screens provided, etc. The fact that the problems show 
this seasonal character so faithfully is an exceedingly 
strong indication that the work was faithfully done and 
that the returns correctly represent actual social and busi- 
ness usage. 

However, the school-pupil-survey method secures 
only the general or consumers’ use of arithmetic. It 
does not give data covering the highly specialized voca- 
tional figuring of the community. Published data are 
not at hand to justify the above negative statement 
about vocational figuring, but the writer’s unpublished 
researches are pointing strongly to that conclusion. In 
time we must have the method and data for vocational 
arithmetic as fully as we now have it for general or con- 
sumers’ use of arithmetic. This subject is discussed more 
fully in a later chapter. 


VII 
WISE’S SCHOOL SURVEY STUDY 


Mr. Cart T. Wise published in the Elementary School 
Journal for October, 1919, the results of applying the 
school-pupil-survey method, in a number of States, 
covering a more widely extended area (Wisconsin, 
Iowa, Illinois, Nevada, Missouri, Texas, California). 
Wise also made an effort to get varied situations and 
definite contrast between rural and city practices. 
This study was carried out in a thoroughly scientific 
manner and is a most valuable check-up on the original 
study. The results may be briefly summarized in two 
tables and the summary statements taken from Wise’s 
article. Table 16, following, shows the total number of 
problems from both city and rural districts with percent- 
age figured for each process. Table 17 shows a detail 
similar to the Wilson detail on fractions. The summary 
quotes Wise as to the most valuable findings of his study.’ 

The striking feature of this study is the remarkable 
correspondence between Wise’s findings and those of 
Wilson. ‘The tables agree so fully that the tables (on a 
percentage basis) from one study can be set down in the 
other study and carry the story truthfully. In view of 
the fact that occupations differ slightly in the two stud- 
ies, that different sections of the country are covered, 
and that the studies were made at different times —, 
these facts, taken together with the correspondence in: 
findings in the two studies, indicate strongly that a valid 
method has been discovered. 
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TABLE 16. SHOWING THE TOTAL NUMBER OF PROBLEMS CLAS- 
SIFIED FROM ALL SCHOOLS Botu City AND RURAL 


ToTaL 
CLASSIFICATION eae. PERCENTAGE 

WMUCMEOU Pasco. cals sv o's n ecco Ramee ecko ESOL 7.7 
UO LIACH OM i tieigis ied ee 66.0 s1Gir aleBieiess pie piece 185 2.4 
IMUEIDICATION: ..o:01s00<csecsaeesseasees — 1084 14.7 
PVASTONNS os. ce eo os otal siete lerelalevavereraharsjeis 403 5.4 
All four operations..... tele Coravarehseie deverss 145 1.97 
Addition and subtraction. ........ce0cs 317 4.3 
Addition and multiplication............. 1556 21.1 
(Addition and division: «0. c..ccec recess ne 67 0.8 
Addition, subtraction, and multiplication. 920 12.5 
Addition, subtraction, and division...... : 33 0.5 
Addition, multiplication, and division.... 388 5.3 
Multiplication and subtraction.......... 233 3:1 
Multiplication and division............ 291 3.97 
Multiplication, division, and subtraction. . A 46 0.63 
Division and subtraction............... 46 0.63 

Oba ie sila clei eeuiw ae sisiele sieve sieves, aOR 7S 85.00 
HATER GISCOUNE 2. cu 51c sie'e ofuikiw'oelaelslafe-s:0.0 018 4 0.041 
PIOALCGIACASUIC: cies vide 00 aie ee e'ciu'e'# 440.086 35 0:5, 3 
Car PEtIneg vais cic 'c ees o's add wots Coduee de 56 0.7 
Wompound MCErest. (0.0 gsie's «dice ci ose oh I 0.001 
Compound proportion. .........-+06. dat I 0.001 
Gomimnsstonie. pi ncie tees tate aia etee a dieke a3 12 0.2 
Cord or wood measure........--++0- ciel 25 0.4 
Cubic measure........... Relea time eaieele = 110 1.5 
HD YS AIMCASUYE siesig 0: clsralaiele oo stele elehaisioscovlr saa we SSS 0.4 
OMIGM IS HRMbra rte vues eels el sioistastie' sc 616'e diai0 et ‘ 21 0.3 
Fractions...... Re aN Be Cee cet oe ene ; 126 1.7 
AV ell MOW 019 /</0/0ie copie. « <<) A eI 14 0.2 
Sa VRE SEACIS vis \ere's'c «0107 0/670 2 a6 al ere Fe eciWes 8 o.1 
HNSWEATICE i -iiziesir-c.4\st4elsieis din vele'ee s6 waste 2 0.002 
Intérest.:....5. einer ratatate atavere ttdlette 4 bone 82 Tol 
UC IMCASUITE) 302s! o!ereiviel oe 9 ¢)eeleie« seat ghee 32 0.5 
Linear measure...... ies alate cos IE oh ie a Be 0.3 
Liquid measure...... Oe BEC OO OUOLIOOT 22 0.3 
oun Wen Aeros rciere) tae cole eie-sie v's siela'aele'se\¢ fies 0.2 
INLASONTY Al's elwtalels eee OC EEE REAR CHC : 8 0.1 
WSU ATIOUS oiete ferris si nieins eye. e ies o%e:s ais) ofa. A 32 0.5 
WEN esti igre © sccisiarsisiere eleva’ és Sieue ererniaere 16 0.2 
Painting..... dbs UTE MOOR e ae ETON PUT 0.06 
PI RIOGLI Oeste aidha stares 4 sale sis 6s 'at0'e)<'e'8 50.0) 0.4 53 0.7 


* The percentage column at the right shows the percentage of problems under each head- 
ing, based on the grand total number, 7345 problems. 
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TABLE 16. SHOWING THE TOTAL NUMBER OF PROBLEMS CLASSI- 
.. FIED FROM ALL ScHOOLS BotH City AND RURAL (concluded) 


CLASSIFICATION PE hd PERCENTAGE * 
_ OF PROBLEMS 

Percentage 199 2.71 
plastering.) .c. cistern oxen esrces : 3 0.04 
Proportion Soon I ©.001 
BROOKNG oes ce Si Para frsia aeetig ne Ot tre : 7 o.1 
syhurigel Fire Sreicici cus cele else e’aiale tie siete ceatelayene sre 14 0.2 
Square measure......... ARs eae eels 55 0.8 
Mirade: GISCOURCs wine esas cis same sais ereie 67 0.9 

Totals ctrccs.s BOCES HACC aes tO70 14.77 

Grand totals oc ctu cco aieae ons oe 7345 99.77 


* The percentage column at the right shows the percentage of problems under each head- 
{ng, based on the grand total number, 7345 problems. 

Wise’s own summary. 1. Out of a total of 7345 actual 
problems classified from cities and from rural districts, 
representing the problems that adults are called upon to 
solve, 85 per cent may be classified under the four funda- 
mental operations and their combinations. 

2. Differences in the classification of problems from 
city and rural districts are negligible. 

3. A comparison of classification of problems collected 
from Quincy, Illinois, where the interests are diversified, 
and Manitowoc, Wisconsin, where the interests are more 
specialized, shows that the types of problems are sub- 
stantially the same. 

4. This study shows that in actual daily practice 
people are seldom called upon to solve the problems - 
in compound interest, compound proportion, insurance, 
painting, plastering, masonry, and bank discount. 

5. No problems were received involving taxes, invest- 
ments, stocks and bonds, equation of payments, averag- 
ing of accounts, present worth and true discount, partial 
payments, foreign exchange, apothecaries’ weight, alli- 
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TABLE 17. SHOWING THE ToraL NUMBER OF FRACTIONS Occur- 
RING IN ALL PROBLEMS 


Fractions Frequency 4 PERCENTAGE® 
x2 occurred 837 times 72.09 
1/3 22 
2/ 39 3.35 (92°37 
1/4 84 G eae ye. 
3/4 - 63 5-41 
1/5 5 0.43 
2/5 3 0.25 
3/5 3 0.25 
4/5 3 0.25 
1/6 8 0.68 
5/6 4 0.34 
1/7 4 0.34 
2/7 2 0.17 
3/7 2 0.17 
1/8 14 1.20 
3/8 5 0.43 
5/8 3 0.25 
7/8 7 0.60 
4/9 I 0.086 
5/9 I 0.086 
8/9 3 0.25 
1/10 I 0,086 
2/10 3 0.25 
3/10 2 0.17 
4/10 2 0.17 
6/10 I 0.086 
97/10 z 0.086 
9/10 I 0.086 
1/12 I 0,086 
8/12 I 0.086 

11/14 I 0.086 
1/15 4 0.086 
1/16 I 0.086 

| 9/16 I 0.086 

9/%7 5 ae 0.086 

16/17 I 0.086 

. 1/20 I 0.086 
1/36 I °.086 

Y16r. 99.876 


* The percentage column at the right shows the percentage of fractions under each head- 
ing, based on the total number, rr6z fractions. _.. 


gation, annual interest, compound and complex fractions, 
folding paper, troy weight, or the metric system. 
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6. The fractions 1/2, 1/3, 2/3, 1/4, 3/4, 1/s, and 1/8 
occurred rogr times out of a total of 1161 times, or 
93.9 per cent of all fractions. Fractions occurred most 
often in the process of multiplication. ‘ 

7. The problems show that the common measutes should 
be mastered, for they are much used in actual practice. 
But tables are of little value, since there are no reductions. 

Occupational data from Wise’s study. Wise’s study 
was made on exactly the same plan as the original 
school-pupil-survey study. It was made with extreme 
care in an effort to avoid any possible mistakes of the 
first study. It was extended more widely, including 
schools in six States. The study, as summarized in 1919, 
involved 7345 problems, approximately ene half the num- 
ber of the original study. . The number of persons in- 
volved was 633. The number of occupations represented 
in the study was 148. Of these, 85 were not in the original 
Wilson study — at least not so as to check off when 
tables are compared; 59 of them were in the original 
study. Doubtless had the census classification been 
used in both studies, the overlapping would have been 
much greater. As it is, minor classifications appear in 
one which do not happen to appear in exactly the same 
form in the other. For example, Wise lists station agent, 
while Wilson lists railway freight agents and railway 
ticket agents. The same designation not being used, 
these are noted as being different, although in fact they 
are doubtless the same. On the other hand, Wise lists 
two acid makers which do not appear in any form in 
Wilson’s study (see Table 14). In a similar way, Wilson. 
has listed anti-Saloon League superintendent, wax figure - 

* Italicized sentence added by present writer. 
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artists, sand-haulers, well-drillers, etc.. which do not 
appear in Wise’s study. Da 

The kernel of the matter seems to be that each study, 
that by Wilson and that by Wise, does secure an un- 
biased random sampling of the total population, and 
the strong agreement as to results of the two studies 
seems to indicate that the figuring done by any one large 
random group is almost exactly duplicated by the figur- 
ing done by any other such group. 


VIII 
APPLICATION TO A SINGLE SCHOOL SYSTEM 


WuiE admitting the general validity of the larger 
studies referred to above, many will insist that their 
situations are different, and that exception must be made 
accordingly. The best reply is to ask the objecting 
individuals to apply the survey method to their own 
situations and see what happens. Fortunately evidence 


is already at hand. Table 18 is a summary of the pro- | 


blems gathered in Marshal]town, Iowa, during a period 
of two weeks. The summary was made by a committee 
of experienced supervisors and superintendents.t The 
committee was asked to classify the problems into grades. 
The table, therefore, has a double significance: it shows 
not only the simplicity of the arithmetic situation in a 
school system of moderate size, but it indicates that, in 
the judgment of the committee, all of the work could 
easily be mastered in grades three to seven. 

After completing the classification of these problems 
the committee agreed upon the following conclusions: 


1. The problems of arithmetic used by the public are 
simple. The necessary tool material could be taught in four 
years. We suggest grades 3, 4, 5, and 6. During these 
grades and after, motivated problems should lead the chil- 
dren out into actual business situations. 

2. Much useless material is now in the curriculum in arith- 
metic. It should be eliminated. Only such material as will 
be useful in every-day life should be included. 

* At the University of Washington, Summer Session, 1922. 
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TABLE 18. SUMMARY OF THE FIGURING DoNE IN MARSHALLTOWN, 
IowA, FOR A PERIOD OF Two WEEKS, SUMMARIZED BY A’ 
COMMITTEE OF SUPERVISORS AND SUPERINTENDENTS, AND 
PLACED IN GRADES ACCORDING TO THE DIFFICULTY OF THE 
PROBLEMS 


Tyre OF PROBLEM 


Column ‘addition....<.... 60055. 
SEEACHION ctereg ecoiviave's oie Saran oj¢iers 
GEE CEVISION co. ccrnaine ciclo Sie eos 
IMEMIEIDICATION so w:eis civ sie vt vieie'« 
Two-step analysis............... 
NEON GIVISION «6's aie o.6e eases pepe 
UMIAKING CHANGES oxic ceicciece severe 
Bills involving multiplication and 
a GH GT Regi anote i ee ae 
Bills involving multiplication and 
addition and change........ 
Acéumulative bills.............. 
Simple fractions and ratio........ 
PLONE ADE OSS. lie crcieisiae steve ces 
Denominate numbers........... 
Decimals? .ciccsia sien ses xecwee cs 
IRETCOMLARC reals c's cusiaa te widicravor ysis 
HBILCLCSEMT fepelaicss o/ticrece oie si6)0 noire 


Ce 


ee eeeee 


* Involving multiplication only. 
{ Changed from fourth ates to fifth by present writer. 


t Involving addition, subtraction, and division. 

§ Changed from fourth grade to sixth by present writer. 

i] These twelve problems are of varied types, but are difficult for lower grades. 

3. The problems in arithmetic should center around busi- 
ness situations because life’s problems in arithmetic do. 

4. The community’s arithmetic is sufficient to form the 
basis of the general arithmetic work in the elementary 
schools. 


Application to a single grade building. Recently 
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(1923-24) a much simpler situation was summarized by 
students in education at Boston University. Through 
the codperation of Mr. L. M. Patton, head master of 
the Edward Everett School of Boston, the seventh- and 
eighth-grade pupils in that building gathered data show- 
ing actual figuring of their parents for a period of two 
weeks. ‘ 

The data came from 775 families and represented 155 
occupations. Two thousand, three hundred and one 
problems were reported involving 4368 processes and 296 
fractions. This situation is so simple, so applicable to 
other similar situations, and also so convincing that the 
report is given herewith in detail. 


TABLE 19. Processes UsEp By ADULTS, EDWARD EVERETT 


ScHOOL DISTRICT 

PROCESSES CASES Per CENT 
Miltiplication:. 03 vecscecssss Raley Osisiesisis eerste LOLO 37 
Addition.:: o...05s.3 aravalelatel ake wire sles eiaiere Were siece mle yay 28.7 
Subtraction... ..csa. Se chimera ate Oe get see biel 1083 24.8 
Fractions... <<. ae SRA ARES ee AGAR ALO 7 
Division...... eigipeleuel ara atererbinter crave rote lela! Siete ate cer TO 1.8 
Measuring:.... RESIGNS TodineS Socaisiviajesetatece airs ay aD) 3 
ROM CONC itarels smutasiemaeesine se pele x one Siar os ©) 2 
Interests cies a ah dherstavatereraverat aiatecere astern alate 7 I 
Wecnials Sarda ue Sintare Galduieearverimnee 2 .04 
Denominate numbers.............45. Mein te ek .02 


4368 99.66 


TABLE 20. ADDITION Usep By ApuLTs, EpwarD EVERETT 
ScHoot District 


Praces AND DEGREE oF DirFICULTY CAsEs Prr CENT 
Qne placer pietsicaae sete ee menivn sevielsisie wena B25 
EWO: PIR COSI: Seoree sp sierera sels eee eel bn rareate lene epeoOy, ras 
SENSE PACES ace sretalssarerteilas reiatncd Metter sigja eA 2zOO 23 
POUR PLACES Tiel, c occ estates oe she aise mares 20 1.8 
Pive Placesorececsceiec tee sialete srcarans eioteletee I .08 
1128 99.8 
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TABLE 20 (concluded) 
Number of Addends (Partial Summary) 


PEWO ccieea ere «estas a2 Wire Naicsaioaisisre cease Meena e5O 27.2 
Piree er a 33) Cie tio AOR SEEN ASR SAE nto e ne AO? 30.7 
LGU: tio da GREE Sar Rae Aaeane a aererarsielete 235 25,5 
Pate ae a3 Putas yh sees wavy ode seei es ein oeOO 9.8 
EXER eras arstiiate sivks nie oietoree tes hate eae cae wie eke 32 3-4 
Bee a Fite ae chica sine dixte SS eee eons & de nia 12 13 
SE Lee Nacsa le svaraienicseis eee ee toe dete bo sin ow ots f 6 6 
BNI hoe te2/ corse ote e AOE ara ane ORE ee é 3 a 
MEO eet ers cieretatey es waa ele Poe ea hsbc Bona 2 . 
Eleven...... LES reiSiaig Wrarab etetie ate eat TST IEE 5 2 2 
Twelve....... ARNE its: Pn RAIA SAITO © A 3 BG 
MEISIELOEIN rai vi oroleieie arenes cielsnic Gn dais Teele ae 2 aa 
919 99-7 


, TABLE 21, SUBTRACTION UsED By ADULTS, EDWARD EVERETT 
ScHooL DIstTRICT 


PLACES AND DEGREE OF DIFFICULTY Cases Per CENT 
FIO NDIACGR tress sicisiess vice Soe chap see 6 Seidee oume Xe 1.2 
PEAWOLDIACES Wetaitin wo eviecee cle tleie'e Seite WERT Oe Nore ini 31.9 
AUDTEO PACES, cie:s,s'eie esis o-ticlore booddacan Faas 607 62.1 
I GUEBDIACES Telaieielelsisiare sarc aelsie seule oie vie eae wleiei a 45 4.6 


TABLE 22. MULTIPLICATION USED By ADULTS, EDWARD EVERETT 
ScHoor DIstRicT 


Paces AND DEGREE oF DIFFICULTY CASES Per CEN? 
One place multiplier..... Sia ere sysiereval the dinate eas SOS Ld 89.8 
EM ONpACe AMULET 0:0 ealslals cieioie.s.sjeltessineie.) 2178 8.1 
Whiree pla cemMultiplier’. <6 «sdescsecse'sssjeieeeies XE II 
FOur Dace MUIUPHEL ss .10eaccciccisescccesses 8 8 


TABLE 23. Division USED By ADULTS, EDWARD EVERETT 
ScHooL DistRIcT 


PLaces AND DEGREE oF DIFFICULTY CASES Per CENT 
One place divisor.............. A sletd sts/eigia\esreht E00 91.6 
MRWOIDIACe CIVACOL as arctic dcisiee c'ereiclcissicicisnee 4 5.5 
SEHTES DIACE CLV ISOLN >: eroks wsiecnic(e's's o166/s/s\e sersteieis 2 2.7 
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TABLE 24. FRActions Usep sy ADULTS, EDWARD EVERETT. 


ScHOOL DISTRICT - 


FRACTIONS USED AND DEGREE OF DIFFICULTY 


POA cele einaiee ¢ sielarssleree.e sei 


eeececvesee 


CAsEs © Per Cent 


27 92.9 
8 oy | 
5 1.6 
2 55 
I 3 
I <3 
I 3 

Eas ¢ 53 
I 4 
I “3 

296 5 


TABLE 25. Lire SITUATION INVOLVED IN PROBLEMS SOLVED BY | 
Aputts, EpwARD EVERETT ScHOOL DIstTRICT 


Cases 

Buying at store...........ae20 mre - 939 
Paying various household exvenses.. 135 
Measuring for household needs....... 47 
Reckoning commission........... ober 22 
Figuring daily sales... .....sssec00ss 19 
Computing wages...... Rates hee ee ey xs 
Paying insurance. .........+ss+-eee 9 
INECFEAUION Sols: sts eos she's. 5 sities eiele's ae) 
Checksins.. ssi Siavarevdialsxeiesensis:sus' eraiorate eo 
PNCOMOWAXG yin cies ees cee ses eee Neary 
Making. change; «scence este eS 
Bank account....... rereretereune eieteiere Rey 
WDISCOUM EA eeire can hides calees cone sees 3 
SLOCKSP Mts celste is vicavie ep ulnk egal eines Space | 
MESTESE ic istsia's) oe cote o! sloeele terete a toietets s ee 
Miscellaneous.......... aicreistarere FOO TO 
Ota caivicte.s cel slo vic were ceenxaa’ 


Sumuary 
75-4 
10.8 87.2 
12.8 
roo. 


It will be observed that almost all of the figuring in- 
volved money, either buying or selling. A one-place 
addition problem, therefore, means that the amounts 
involved are less than ten cents, and a two-place problem 
involves amounts less than one dollar, etc., etc. 
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This survey of adult usage of arithmetic in a single 
grade district strongly recommends the survey method 
and its results. While the teachers were convicting and 
convincing themselves, the pupils and parents were also 
getting the idea and were prepared for a more practical 
and useful type of arithmetic. 

The Melrose survey. In Melrose, Massachusetts, 
(1924-25), the teachers conducted a school-pupil survey 
of adult uses of arithmetic with the usual results. The 
summary tables corresponded almost exactly with tables 
reported in previous surveys. The teachers saw the sig- 
nificance of the study and were prepared to accept its 
evident conclusions in a thorough reconstruction of their 
course of study in arithmetic. 

The returns from Marshalltown, Iowa, the Edward 
Everett district in Boston, and Melrose, Massachusetts, 
seem to indicate that the survey method is applicable in 
a single community and that the results secured are 
comparable to the results secured in the larger studies. 


IX 
_- A RECENT COMPARISON 


Dvrinc the fall of 1925, a group of students in a course 
in ‘‘ Arithmetic Reconstruction” decided to make a new 
survey in order to see if practices in the Boston area 
would show data at variance with other surveys, or if the 
present level of prices would affect the distributions. 
The combined efforts secured 5463 problems. Table 
26 shows the sources from which these problems were 
collected. 


X - . * 
TABLE 26. SHOWING SOURCES OF DATA FOR THE 1925 SCHOOL = 
Pupit SURVEY IN ARITHMETIC — BosTON AREA 


NAME PLACE GATHERED NUMBER 
Pertie Gray Northeastern Junior High School 
Florence deeds Somerville, Mass. 418 
Mary J. Quigley Boston Teachers College 2133 
Doris N. Dixon Tucker School, Milton 694 
Frederick H. Buck Mather School, Dorchester 684 
Francis J. Dillon Oliver H. Perry School, Boston 143 
Nellie E. Briggs Jamaica Plain, Boston 680 
SHAM sisnal Hi Dearborn School, Roxbury 242 
Emma V. Kennedy Dudley School, Roxbury 176 
Florence M. Tait Grade 6, Asst., Boston 194 
Ruth M. Lang Randolph, Mass. 99 
5463 


The survey data were classified according to the Wil- 
son plan in general, but use was made of some of the re- 
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finements of classification introduced by Wise and other 


students of this problem. 


TABLE 27. OCCUPATIONS, 1925 SURVEY, BosTON AREA 


NREL 15a RR ae ea ‘ 
Bobbin-winder in shoe factory. . 
Bookkeeper......... ABODE or 
BE AEPCIICED se) «:5.610; 9.59. .9%0h0268 eek 
RAUNT rive ais onc mete en ae 
MSHemistys scsi cies 6 Sie oe Stes 
Clerk... Matinisaten eole a cieiie si¢ 
REOUECEON 1 cistevere a nisjorceiasiareleis s 
BEONGICLOL cs ,0,0.¢.0/sie1e viela'6 oa65 a j 
MOONLTACCOR ac. ccc cco sy rewts ois 
‘Coverer of wooden heels...... . 
Curtain manufacturer......... 
TOG E ae ay ie nee SRR SAS. 
PITESSMAKEK eo s.0es/civ poe esses 
MELO CETICIATI A 5) <:'s'c « o:010:0.0 niategioee 
Elevator operator.......e.e:- 
Elevator repairer...... Matas sere 
Engine watchman....... AR Gee 
EMPINECL. . occ vse ee 
MSXPIRESSIMAN ie ses 4 oso os wi 00e és 
Foreman in factory..... alate 
Fruit dealer........ BOO COT 
Garage worker............ oie 
Health inspector........ HSDBE 
PIOTSCSHOCL. «500 ecccsevcase ‘ 
Housekeeper..... aA AOF EOL Oe 
Mmspector. ...... 00.6 er eeeeats 
Insurance agent....... COSTS 
MLAWVOL, ts) «ciets see i aleianisisisiel ade 
Leather dealer...... Ape ae 
ECRLNEL SOLLEKG hele ie’ sfelaiv aisisis's 
PADrariAaN.... sjc\2's10 Sfereisisicteels.ciis 
Manager of store....... Saleiaie 


ino ol i | 


Mason...... SAC ae MentNmirres | 
Mechaniew.., ocvtescieness Airy mene | 
Milkman..... Resign tere Sia ajo eae 
Motorman <)...s, 0:0 'singoton's efaleteran nae 
IMIISIGIAD sate eters crroee eect asinta aie nen 
N.E. Tel. force clerk........ oe SE 
INGWSDOY jee eared ttecviom oes aneeey 
INUTSE 32 cietaiorciene calc eee AWanOc I 
Oiler orice siecinsoaaenca ee Noey 
Painter natescesile esse coheed 
Policeman? 3/04 es" Kpotinadnoe. 2 
Provision dealer....... Seeerti. 2! 
Reader of gas meters......... 1 
Real estate agent........... Rise as 
Retail merchant of tailors’ 
trimmings.2a¢ 2.56 entnd 
Salesman....... eo Vianete ais acre I 
School custodiativg ..2.62..ecne I 
Secretary...... Biaistaca sitiagevavéc stale I 
Shoe:salesman. sfi< «0% sec nee I 
Social WOrkeny a. ccs nites cas I 
stenographer. </04ssie nase soe eve I 


SLOTEKEE PED arc:s «a visite oo casei 


Matlor. Fate scsi oe. erie ee oes 1 
Teacher..... we oletaterc sepiuaie Westie I 
PLCAMSCET saranda ate pom erie bie ee alee I 
Telegraph operator........... I 
Tire Salesman. och iele vg eels I 
Western electric worker....... I 
Wholesale card house owner... 1 
Motel ans were es “84 
Number of different 
occupations...... Bercicicsts Wee) 


There were 62 different occupations represented in this 
study, distributed as in Table 27. 
The general nature of the problems are shown in Table 


28. Of the 5463 problems, 


5286, or 96.76 per cent, were 
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general problems. But it is significant that 177 of the 
problems, or 3.24 per cent, were classified as vocational. 
This is a significant variation from other surveys, and is 
explained by the unusual efforts of one of the surveyors 
in gathering the daily figuring from a highly specialized 
group. ‘This group furnished problems in cost account- 
ing, discount sales, and income tax returns. 

Table 28 also shows the classification of problems as 
informational or computational. 


TABLE 28. GENERAL CLASSIFICATION OF PROBLEMS 


No. 
ProsteMs Per CENT 


Xo iGeneral: problems: 2s.csc.cesusee cs oS se 5s ace see 5286 96.760 
RT, ‘Vocational problems. Socca.. occa see t eee s eae 177 3.240 
Lotal cdtesrcktin avs cones tole wb een neees ee 5463 100. 
X eee, Hi 
T. Informational problems. .). 5. cscs cvess wewe cece 69 1.263 
II. Computational problems.............eeeceeeees 5394 98.737 
eOtallyc.. Sadiseciecasaienslestinceseeeire 5463 Ioo. 


The survey group disbanded before completing the 
survey on a satisfactory basis. The returns as tabulated 
were confirming the findings in other surveys so com- 
pletely that the group decided that it need not com- 
plete the work. However, Tables 29 to 38 show signifi- 
cant data, and, although they do not check accurately 
for total problems, they will afford profitable compari- 
sons. 

Table 29 shows the data on the four fundamental 
processes. They show a total of 81 per cent of all 
problems in the fundamental processes, and they show as 
usual that multiplication is the most used process. 
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TABLE 29. DETAILED CLASSIFICATION OF PROBLEMS 
INVOLVING FUNDAMENTAL PROCESSES 


_ Toran Perr Cent 


CLASSIFICATION PropLeMs oF ToTAL 
 EECSTISCOTT os 2) GR SE aan evr 854 15.632 
Be SELACILOD eV ears hence Condi ae 870 15.925 
ReaTttAIGATION Vas oats te se aicase e536 thas Mas wee bates 1390 25.444 
MRS AGHOUN ME Bete Den esa looses Clo Galerestd ais ovina 231 4.228 
BeseOUT Operations. . 6/vie.g 5.0. 0ed Cae cs Siauses esac o> ° fe) 
peccitiontand Subtraction. ic... dsc. vsicseaes covets s I59 2.910 
addition and Multiplication....0cc..0esceessudeoee 492 9.006 
eeRCION ANC: “LIVISION, aes. oc cs cee occ hee coke eee 22 .403 - 
Addition, Subtraction, Multiplication............... 182 yakigee 
Addition, Subtraction, Division..............-.00+ ; 3 .055 
Addition, Multiplication, Division................+- Io .183 
Multiplication and Subtraction.............200e0005 148 2.709 
Moarltiplication and Division. «0... .06s.s.cececseenes 42 768 - 
Multiplication, Division, Subtraction................ 3 -055 
ICASION-ANC SUDELACLION. seg escecewsescvecceess nes 25 .458 
BR OCAM ec ase ei ees can ainlc Sows bone ses 4431 81.107 


Tables 30 to 33 show a summary of the number of 
places in largest addend, the minuend, the multiplier, 
and the divisor. They also show comparison with the 


TABLE 30. ADDITION 


* PERCENTAGE DISTRIBUTION 
NUMBER OF 


PROBLEMS j 
This survey 


SIZE OF LARGEST 
ADDEND 


Wilson survey 


1 place 1.8 
2 places 48.5 
3 places 37-5 
4 places 10.6 
5 places 1.5 
6 places I 
7 places o 

fc) 
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TABLE 31. SUBTRACTION 


PERCENTAGE DISTRIBUTION 
Sizz oF MINvEND 


Wilson survey 


I place 
2 places 
3 places 
4 places 
5 places 
6 places 
7 places 
8 places 


0 OBhOO HO 


Siz or Mutter 


x place 53.1 
2 places 39.2 
3 places 6.9 
4 places 8 
5 places ie) 
6 places ie) 
7 places .0 


8 places 


Wilson (1918) survey. On these four items of compari- 
son, the medians fall at the same point in each table, 
and the figures throughout show remarkable similarity. 
The 1925 survey shows a larger proportion of one-place 
multipliers, and one-place divisors. On the other hand, 
‘the subtraction minuends show a tendency to become © 
larger. This is doubtless due to higher prices, but just 
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TABLE 33. DrIvision 


NuMBER OF 
PROBLEMS 


PERCENTAGE DisTRIBUTION 


Swe or Divisor 
Wilson survey 


why the same tendency does not appear in addition is 
not evident. It may be due to higher wages, and the 
resultant fact that purchasers have more ten-dollar bills. 
in their purses. A ten-dollar bill offered in payment 
means a four-place subtraction in making change, while 
a five-dollar bill means only three-place subtraction. 

Tables 34 to 38 show further data relative to number of 
addends in addition problems, places in the multiplicand, 
and places in the dividend. They confirm data of for- 
mer studies on the simplicity of the figuring of ordinary 
adult usage. 

Table 37 shows the distribution of the 2786 fractions of ° 
the 1925 survey. The fraction 15/16 was reported by a 
tailor and related to trimmings — 15/16 of aninch. The 
fraction 14/19 came from the superintendent of a card 
factory. He was figuring on how to cut large sheets of 
paper to best advantage in making cards for a library 
bureau. The situation is surprisingly simple, notwith- 
standing the fact that the study contained 117 problems 
classified as vocational. 

It is the vocational figuring also which accounts for the 
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TABLE 34. ADDITION 


NoumsBer or ADDENDS FREQUENCY PERCENTAGE 
2 349 15.40 
3 659 29 .09 

479 21.14 
: 296 13.06 
6 171 7.55 
7 93 4.10 
8 73 3.22 
9 38 1.67 
10 28 1.24 
II 24 1.05 
12 9 0.39 
13 12 0.53 
v4 7 0.31 
15 7 0.31 
16 I 0.04 
17 3 0.13 
18 7 0.31 
19 I 0.04 
20 2 0.09 
21 I 0.04 
22 I 0.04 
23 YSN E 0.04 
24 I 0.04 
25 I 0.04 
26 I 0.04 
2265 99.91 
TABLE 35. MULTIPLICATION 
PLACES IN MULTIPLICAND FREQUENCY PERCENTAGE 
I 252 10.00 
2 1334 52.05 
3 56x 22.23 
4 246 9.76 
5 102 4.04 
6 17 0.67 
7 Z 0.27 
2519 99.92 


appearance of decimals aside from United States money. 
There were 112 such decimals, as shown in Table 38. 
The 13 three- and four-place decimals were reported by 
a naval engineer and related to such matters as distances, 
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soundings, and instrument readings. Of the two-place 
decimals, 58 were reported by an efficiency expert and 
referred to per cent of output. The others related to 
discounts. The discounts, 20, 15, 5, and ro per cent, 
constituted 80 per cent of all discounts. 


TABLE 36. DIvIsION 


Praces In DivipEND FREQUENCY PERCENTAGE 
I 3 1.18 
2 89 34.9 
3 97 38.04 
4 49 19.21 
5 be) 3.92 
6 4 1.56 
7 I +39 
8 I -39 
9 I -39 

255 99.98 


TABLE 37. FRACTIONS 


Fractioy FREQUENCY PERCENTAGE 
1/2 2534 90.955 
1/4 80 2.871 
3/4 68 2.441 
1/3 35 1.257 
5/8 14 506 
1/8 12 430 
2/'3 II -395 
7/8 8 287 
3/8 7 251 
1/6 5 -179 
3/16 2 O71 
1/5 2 O71 
3/5 ‘ 036 
4/5 I -036 
5/6 I .036 
1/10 I .036 
3/10 Soe 036 
7/15 I .036 

15/16 I .036 
14/19 I 036 
Total......... 2786 100.00 
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Decimals in general occurred in connection with 


United States money, but the following are cases of 
decimals aside from United States money. 


Taste 38 Decors * 


Nunessr oF Puacss FPaRequancr PSacentact 
r t .® 
2 os 87.40 
3 Q S.93 
S ~ 3-37 
1 Rae ee 112 .% 


The general conclusions from this study are not dif- 


ferent from the conclusions from similar studies formerly 
made. In beginning the survey, it was agreed that 
particular attention would be given to fractions, denem- 
inate numbers, and decimals. The data on fractions and 


denominate numbers ‘stow no significant differences. © 


The fractions are simple. The denominate numbers do 
not occur except as simple measures — cents, dollars, 
yards, quarts, etc.; there are no reductions; there are no 
compound number processes. The decimals, aside from 
those reported by a cost accountant, an efficiency expert, 
and a naval engineer, relate to simple discounts. 


xX 
OTHER SURVEYS 


WITH the extension of the survey method of determining 
the useful material in“arithmetic, much valuable material 
has accumulated to help the busy teacher and super- 
intendent. The total result has been a decided drift 
toward more useful work in the schools. There are 
too many real situations to waste time on artificial ones. 
Psychology now teaches that mental training is better, 
the attitude is more satisfactory, and the retention of 
facts is longer and surer if real situations are the basis 
of work. In the light of these considerations it becomes 
imperative that the uses of arithmetic actually_occurring 
in the affairs of people shall be discovered and shall be 
organized as the basis of school work. 

Woody’s survey. The study by Woody bears directly 
upon the useful processes. It is based upon the analysis 
of the use of numbers in selling goods in three large 
stores in Seattle. The study analyzed 4661 bills of sale, 
representing a total value of $41,560, obtained from a 
large wholesale and retail grocery, a department store, 
and a hardware store. Of the 4661 bills, 945 required no 
computation. The summary of the main findings with 
reference to the bills which did require computation fol- 
lows herewith: 

1. The amount of arithmetic actually used in the selling of 
the goods as listed on the bills of sale zs very small. The 
problems most commonly met in the four fundamental opera- 
tions consist of adding three-place or four-place numbers 
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having two, three, or four addends; subtracting numbers 
with four places or less in the minuend; multiplying a three- 
place number by a one-place or two-place number; and 
dividing a three-place number by a two-place or three-place 
number. ‘The most common fractions are halves, fourths, 
twelfths, and sixths. 

2. Multiplication and addition are used much more than 
division and subtraction. Subtraction as such is very little 
used except in making change, and then the additive method 
is commonly used. Many problems in multiplication involv- 
ing the use of the more frequently used fractions suggest the 
need for practice in our schools in multiplying by mixed 
numbers. 

3. The use of preaanrine and computation devices has re- 
duced the amount of arithmetic used in selling goods, but it 
has created a demand fora superior knowledge of arithmetic on 
the part of the consumer in order to provide the ability for 
checking the accuracy of manipulating the devices. This 
fact, together with the fact that some stores utilize mental 
arithmetic almost exclusively, creates a demand for much 
mental arithmetic in the schools. This should include drill 
on the fundamental operations and also in forming quick 
judgments concerning the accuracy or inaccuracy of probable 
answers to buying or selling situations of ordinary life. 

4. Denominate numbers as such are not used in the buying 
or selling of goods. Goods are sold in appropriate units and 
fractional parts thereof, but no attempt is made to reduce 
from one denomination to another. 

5. Decimals and percentage are always used in connection 
with United States money, and it would seem folly to isolate 
them in instruction in the elementary school. 

6. It is the usual practice in some stores to price goods at so 
much per article or per group of articles. In computing the 
cost of a considerable number of articles, unless the number is 
an even multiple of the group, the group price is used as a 
basis for part of the costs and the price per article for the re- 
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mainder. It would be well for the schools to take cognizance 
of this fact and to give practice in solving problems of this 
kind. 

7. Since measuring and computing devices are used so 
extensively and since the children who are to be the consum- 
ing public must deal directly or indirectly with them, it seems 
reasonable to suggest that the school should provide informa- 
tion concerning them and their use. Demonstrations can be 
given at the school, or the teacher and pupils can visit a store 
where the devices are used. The aim of such instruction 
should be to make the children intelligent concerning the 
devices rather than to give them skill in manipulating them. 

8. Discount was widely used, especially in the hardware 
store. The most common rates of discount were 5, 10, 20, 25, 
30, 35, 40, and 50 percent. Inquiry revealed that discount 
tables were used and that little calculation was employed. 

g. Interviews with the managers of these stores to supple- 
ment the analysis of the bills of sale revealed the following 
significant points: (a) The goods were marked in terms of the 
decimal system to make calculations easy; (b) Goods were 
sold by convenient units or groups of units, and were not 
usually sold by using a simple unit or a multiple of the total 
cost of a large amount of goods; (c) Measuring devices, weigh- 
ing devices, calculating machines, calculating devices such as 
discount books, price tables, cash registers, central cashiers, 
etc., have reduced the amount of arithmetic used by clerks to 
a minimum. Oftentimes the manipulating of a mechanical 
device and reading numbers was all the arithmetic needed by 
the clerks in selling goods. If there was no central cashier, in 
addition to the ability to read numbers, the clerks had to be 
able to make change. - 

to. From the facts disclosed by this investigation it is 
evident that the school is emphasizing much arithmetic that 
is unessential in meeting the situations confronted by the 


t Items 8 and 9 of this summary are from the summary in the Third 
Yearbook, Department of Superintendence, 1925, p. 51. 
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salesmen and the consuming public. It seems wise to urge 
the elimination of the unessentials and a concentration upon 
the types of problems here described. 


_Charters’s study of department store arithmetic. To 
discover exactly what operations are of importance for 
salespeople, several thousand sales checks were examined 
by Charters. His summary and conclusions follow: 


In addition, 7337 charge checks (records of purchase trans- 
actions in which the goods are charged to the customers’ ac- 
counts), selected at random, were examined. In 75 per cent 
of the cases no addition was necessary because the customer 
purchased only 1 item. In 16 per cent of the cases 2 items 
were purchased; in 5 per cent, 3; in 2 per cent, 4; in 1 per cent, 
each, 5, 6, and 7 items. There were a few cases of purchase 
of more items up to the maximum of 18. In only 1 check 
out of 25 is it necessary to add more than 3 items. Five 
places constituted the maximum ($456.00). The typical 
case then corresponds closely to that found by Wilson. In 
go per cent of the cases involving addition, the problems 
are not more difficult than four places and four addends. 

For subtraction, 4304 cash checks were examined. In 24 
per cent of the cases the exact amount of the purchase was 
given by the customer and no subtraction was necessary. 
In tabulating the remainder of the cases, the minuends 
(amount given in payment) were classified as follows: 


Amount RECEIVED FREQUENCY Prr CENT 

$1.00 725 22 
5.00 7OI ai 

2.00 385 12 
10.00 331 ame) 

.50 247 8 

20.00 I4I 4 

225 IIo 3 

3-00 99 3 
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A complete table of each actual transaction was arranged 
showing how many times, for instance, one dollar was pre- 
sented in payment of a bill of 19 cents. From this table it 
was possible to determine exactly what subtraction facts 
(as, 16 —g) were involved in the operations. 

At once it became apparent that salespeople in making 
change use only 45 of the possible 100 subtraction facts. 
For instance, they never subtract 9 from 18. The reason for 
this limitation lies in the fact that change is always given in 
fives or multiples of five. Thus, if the bill is 9 cents, the cus- 
tomer gives in payment 9g cents, 10 cents, a quarter, a half- 
dollar, a dollar, or some larger bill, but never 18 cents. Ob- 
viously this limits the range of subtractions. It easily follows 
by analysis of all possible cases that the subtraction facts 
used are: 15 minus 9, 8, 7, and 6; 10 minus 9, 8, 7, 6, to 1; 
9 minus 9, 8, 7, too; 8 minus 8; 7 minus 7, 6, 5; 6 minus 6 and 
5; 5 minus 5, 4, too; 4 minus 4, 3, to 0; 3 minus 3; 2 minus 2, 
I, and 0; 1 minus 1 and 0; and o minus o. 

But it was found upon further examination that salespeople 
do not subtract at all; they add. If the purchase amounts to 
g cents and a dollar is tendered in payment, the salesperson 
calculates as follows: The amount necessary to make 1o is 
added. This, a penny, is taken in the fingers from the penny 
compartment of the cash register, then a nickel and a dime, 
bringing the total toa quarter. This is followed by the selec- 
tion of a quarter and a half. His statements to himself as he 
manipulates the money are, “nine, ten, fifteen, twenty-five, 
fifty, one dollar.” 

In studying multiplication, the 7337 charge checks used in 
studying addition were analyzed. On the checks appear 
items such as 6 collars at 25 cents, amounting to $1.50, a 
process commonly known in store terminology as an “ exten- 
sion.” In the checks were found 2771 extensions as against 
1853 additions. 

Classifying these first upon the basis of multipliers (numbers 
of like articles bought), it was found that in 54 per cent of the 
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cases the multiplier 2 was used; in 18 per cent, 3; in 9 per cent, 
4; in 5 per cent, 5; and in 6 per cent, 6. These constituted 92 
per cent of the cases. 

On the other hand, the multiplicand (price per article) 
showed that ro cents was the most common price of articles 
bought more than one at a time. There are 8 cases of four 
places in the multiplicand, 288 cases of three places, 310 cases 
of single-place numbers, and the balance, 2173 (78 per cent), 
consisted of two places. From these facts it will be seen that 
in 97 per cent of the cases, at least, the multiplier is 12 or less, 
and the multiplicand three places or less. 

No division is used by salespeople except in the form of frac- 
tions. Everything is done to relieve them of calculations. 
In mark-down sales the reduced price is usually given. In 
adding per cents for the luxury war tax, the amount is 
placed on the sales tag. With some goods sold by the yard 
measure, graphs are used on which pointers on dials may be 
set, a crank turned, and the*exact length and price are both 
indicated. But notwithstanding this, it was found that, in 
the 7337 checks referred to twice before, there were 444 cases 
of common fractions. In addition, 2458 sales checks were used 
to supplement the study. From both sources 1178 cases were 
obtained. The distribution is shown as follows: 


DENOMINATORS Pure MrxeD TorTaL Per CENT 

2 247 413 660 56 

4 137 160 297 25 

3 25 48 73 6 
16 14 56 70 6 

8 22 9 31 3 

6 4 II 15 I 

5 ° 13 13 I 

12 I 7 8 I 

7 I 6 7 I 

9 2 I 3 ° 

to I ° I ° 
Totalikset 454 724 1178 100 


It will be observed that one half constitutes 56 per cent of 
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the cases, either as a pure fraction (3), or as a mixed number, 
(43). Fighty-one per cent are halves or quarters. Six- 
teenths are more frequent than eighths. Obviously the range 
of denominators is very narrow. 

Decimal fractions were found to a very limited extent for 
reasons given above, and they consist of 10, 15, and 20 per 
cents in the stores studied. One “ rule-of-thumb” method of 
computation is as follows: To get ro per cent of $11.73, for 
instance, “ put your thumb over the three,” and the part ap- 
pearing, $1.17, is ten per cent. To get 20 per cent, multiply 
this by two, and to get 15 per cent divide it by two, and add 
the quotient toropercent. From this it is clear that decimals 
involve only “ putting the thumb over the right-hand figure,” 
addition, multiplication, and fractions. 

The conclusion is obvious. In this one vocation of depart- 
ment-store selling, the chances are nine out of ten that no 
problem in addition will be more complicated than the addi- 
tion of four four-place addends; no subtraction is used in mak- 
ing change, and, if it were, only forty-five out of one hundred 
subtraction facts would be used; the chances are ninety-seven 
out of one hundred that in multiplication the multiplier will 
be 12 or less and the multiplicand three places or less; in 
fractions, only eleven denominators are found, all being under 
ten except ten, twelve, and sixteen; and, by the simple device 
of using the thumb, decimals disappear. 


Noon’s study. The author endeavored to discover 
what numbers children use out of school. He sought an 
answer to his question by asking children in the fourth, 
fifth, and sixth grades to report actual uses of numbers 
outside of school. His summary and conclusions follow: 


A. Games: (1) Calling or reading numbers: (a) football 
signals, (b) spots on dice, (¢) spots on dominoes, (¢) number 


2 “The Child’s Use of Numbers,” Journal of Educational Psychology, 
vol. 10, pp. 462-67. (November, 1919.) 
Z 79 


WHAT ARITHMETIC SHALL WE TEACH? 


on sled to indicate size. (2) Counting marbles, children in 
games, tops, stripes, etc. 

B. Going to store: (1) Knowledge of quantity (pound), 
(2) number of articles, (3) finding cost, and (4) counting 
change. 

C. Other instances of reading numbers: (1) Telephone num- 
bers, (2) automobile numbers, (3) policeman numbers, (4) 
numbers on fire engine, (5) numbers on police engine, (6) dates 
on almanac. 

D. Other instances of counting: (1) Money belonging to 
child, (2) postage stamps, (3) steps in dancing, (4) number of 
Christmas presents. 

Conclusion: Reading of numbers and counting include 
nearly every item recorded above. Below grade 7 there is no 
felt need for problems in arithmetic. 


Smith’s study." One hundred regular grade teachers 
in Detroit interviewed fivé hundred first-grade pupils 
concerning their out-of-school activities and recorded the 
facts concerning the arithmetic used in connection with 
these activities. The work took five weeks. Each 
teacher interviewed five pupils each morning. The 
tables which follow (39 and 40) give the summary of the 
results. The first table is very suggestive as to the type 
of interpretative information-giving work that should 
be given in the lower grades. Apparently shopping for 
mother is the most profitable thing that can be done. 

Hansen’s study.?_ This study summarized 1324 tally 
cards (cards on which sales are entered for record) from 
five stores, a book store, a music store, a department store, 

t Smith, Nyla B.: “The Uses of Arithmetic in the Out-of-School Life 
of First-Grade Children,” Elementary School Journal, vol. 24, pp. 621-23. 
(April, 1924.) 

2 See Third Yearbook, Department of Superintendence, Study No. 17, _ 
p. 56. 
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TABLE 39. RELATIVE FREQUENCY WITH WHICH SITUATIONS 
INVOLVING ARITHMETIC OCCURRED 


AcTIVITY Per CENT 
Transaction in stores............. artavetnsterareloslecaereyctereien ors 30.0 
Games involving counting.......... Saree ere Sore eatetani Meters 18.9 
Reading Roman numerals on clock.............. 0000008 14.0 
Reading Arabic numerals in finding pages in a book..... ene EGO 
Dividing food with playmates and pets (fractions)......... 6.0 
Depositing money in and drawing money from toy banks... 5.0 
EPUB MI OESEOUC Meira opt are isla esate wists sate sister oie aie Ss 250) 
lea SUT OACISLANICE wre acc ces eieaiaie 6 saree aw ielaets Rane fies or we One) 
Wet racalenGarss 2a os.ci aie ctetecsieete ¢ he: us sia Rav Seal a wiataae ahaa 2.0 
RCI EITC ELAS? ti x1s1s'c,0/0/6,0ie:0 elarsiocsin sisie os ie viscera Gin e ¢ Te 
Setting the table.......... ean Raa aR Meee ae Aamo ay; 
EUINEI ald GuGe LLIN GT FLCKCESH. «: vis: 0's) sin's ercloves deve 6,0 Ale tecie nislste'el Tet 
Acting as Mewsboy.=....--.00e0% w efainisie sinha Sinise’ eisiere of motets I.0 
IMGASHTIN EAN SEWING sio,5 vac ae stewie c.cisieere vi, felis ae rere 1.0 
Counting m rhymes and jingles..........cecessevecsvevcs : 5 
REAM CU BOUISE MUIMDEIS ita. e ars icie'c e's scinereran oa eierele soto 3 af: 
Investments (made for them)... 6. ac wowce sc’ oe vce ces j oI 
Measuring in manual training........ iB S One CaR HORE AOAC : su 
CAMA CANE ICING ea ae retrccnsdtereg el ohers oldies ties baie Sele Te ouete , aE 
Medsaring objects 2. ais encs ool «ce ies s ctitePe Giessen F Sa 
Reading numbers.on book m hall)... ec cot sem es seg ee aE 
Readings WUrmmbers ON tICKCt i acca as cise, osce/dcla jess oereie at 


100.0 


TABLE 40. RELATIVE FREQUENCY OF ARITHMETICAL OPERATIONS 


PROCESS Per CENT 

EA GCIIELOW terial cot ovale o! ciclevotwisietsteiole dei eisiaieleisieic.aves Series AMT oR) 
Counting........ Eb ORATOR CEO IC OCIA CET ne 23.0 
SUDECACHON sje sso se c08 ee 6 ARORA il Hear eerents. wr orice 20.0 
REAGINGUATADIC NUMDCLS tiie cleicis! arelelc eis sles wie. eve sieisio weer eiee 6.0 
IVEPCASUATEL Cs sich. oe cicyerenlc, Siete scale ® Sasa aye eae stag 16 vatsicha as ath altel 
GimiarisOlar ee eit corer erates iis heig sie Care seas acts fat 4ee 
RVGA CIM Pe OMMATMA IMCS: vias sie cc) 0 «re)e\sro.ecieiei pie  sjciecig sible’ si Sak 
Multiplication............ aeiereyae cin heyncereca tore avs aslo ears a. 
WDRVISION fey ests ose ere stich 8 User Cots Ie ROIS EEE RT Oe Tan 

100.0 


one selling athletic goods, and a dry-goods store. The 

summary is made under three heads: (1) The number of 

sales. (2) Final sum as measured by the number of 
4 81 


WHAT ARITHMETIC SHALL WE TEACH? 


digits involved. (3) Number of columns of sales added 
by the salesperson. ‘The report is a little complicated 
and technical, but in general it shows a simple situation. 
The most common total sum (73 per cent) is four digits. 
Three digits come next, and five digits next. An illus- 
tration of a four-digits sum is $10.50. The author’s 
general comment is: ‘‘ The arithmetic needed by any 
individual for actual computation is obviously limited, 
and actual computational practice is being further cur- 
tailed by the rapid introduction of calculating machines. 
In many phases of arithmetic, manipulations should be 
omitted and the time devoted to informational con- 
cepts and the general understanding of business situa- 
tions.” 

Are the results valid? Valid for what? The school- 
pupil-survey method Séems ‘adequate from the stand- 
point of gathering data from representative occupations 
over wide areas. Various supplementary studies on dif- 
ferent bases, support this conclusion. When the data 
have been gathered and summarized, what are their 
value? Do they include all of the arithmetic or knowledge 
of arithmetic which is needed under all circumstances? 
Evidently they do not do that. They secure few returns 
on informational arithmetic or arithmetic involved in 
general reading, such, for instance, as that involved in 
reading about the distances and velocity of the planets 
in the solar system. That is a kind of arithmetic requir- 
ing no arithmetical computation. It requires only con- 
cepts or general understanding. Very little of that kind 
of arithmetic is discovered by the school-pupil-survey 
method. 

The more intricate complicated vocational figuring 
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is doubtless not discovered adequately by this method. 
The experience of Mr. Runnels in Maplewood, New 
Jersey,’ indicates that there is a little of this sort of 
thinking going on among highly trained specialists and 
that school pupils do not get the complicated problems 
handled by these specialists. Apparently that will 
require a different method. The method is not yet 
apparent. The writer has collected data along this line 
for a few occupations and in a later chapter there is a 
brief discussion of vocational figuring. 

But for the ordinary, everyday figuring which takes 
place in the transaction of ordinary business, the handling 
of everyday affairs, the school-pupil-survey method 
does appear to be entirely adequate. The best judgment 
at the present time is that the data so gathered, properly 
supplemented by other objective studies, are the best 
evidence as to what should be taught in the way of 
computational arithmetic in the grades. It may be that 
this general arithmetic covers most of the common voca- 
tional needs, but until more accurate data are gathered 
as to vocational figuring it is unsafe to make any such 
assertion. 


x See appendix of original study. Teachers College, Contributions to 
Education, no. 100, 1918. 


XI 
KINDS OF ARITHMETIC 


Mucs of the confusion with reference to the needs for 
arithmetic and the size or difficulty of examples has re- 
sulted from the failure to distinguish clearly the dif- 
ferent kinds of arithmetic. There are at least two kinds 
of arithmetic, general and vocational. Under each kind 
there are at least two distinct divisions, so that the en- 
tire scheme for the classification of arithmetic gives the 
following: 

1. General arithmetic, or that so commonly used 
that every one needs to master it. This is the arithmetic 
used by the consuming public, and is often called “con- 
sumers’ arithmetic.” * There are two divisions of general 
arithmetic. a SRE 

a. Symbol-figure, or computational arithmetic. This is 
the arithmetic involved in actual figuring or computing, 
such as getting the amount of purchases, the change that 
should be returned when a bill has been given to pay for 
a purchase, figuring interest on a note, dividing a recipe, 
determining the mileage per gallon of gas, etc. 

b. Informational arithmetic. This does not involve 
figuring or computation, but it involves understanding 
of number concepts, so that reading-matter or life 
situations involving number may be clearly compre- 
hended. Apparently informational uses of arithmetic 
occur much more frequently than computational uses. 
In the past this has been a sadly neglected phase of 

t Dr. David Snedden uses the expression “‘ consumers’ arithmetic.” 
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arithmetic. Included in this is the development of 
‘primary number concepts and experience with young 
children, and the development of judgment in simple 
business situations with older children. Thus the in- 
formational arithmetic has three phases: (1) number 
concepts involved in reading for use — e.g., the radio 
station wave length; (2) development of concepts for 
general reading without any check-up for use — e.g., the 
distances of fixed stars; (3) development of judgment in 
business situations for children and adults — e.g., Can I 
afford an automobile on my present income? 

2. Vocational arithmetic, or that arithmetic needed 
only by those engaged in particular vocations. Here 
again there are two classes: 

a. Computational arithmetic, or that arithmetic where 
figuring is required, and 

b. Informational arithmetic, in which general concepts 
for use, information for general reading, or judgment in 
application, may be needed. 

It is evident that proper attention to informational 
arithmetic will give us an entirely new type of work in 
the schools, particularly in the lower grades. There has 
been already considerable use of motivated situations for 
the development of arithmetic in the grades, and this has 
been valuable for informational purposes aside from the 
figuring involved. Proper appreciation of the different 
kinds of arithmetic and their relationships will help to 
eliminate meaningless drill]. It will help in securing the 
proper balance between drill upon essentials for compu- 
tational usage, and informational work for number con- 
cepts. 

General computational arithmetic. It was pointed 
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out several years ago that a great deal of the arith- 
metic in textbooks was of such rare occurrence in ac- 
tual application that time spent upon it in the public 
schools was practically wasted. This opinion was rec- 
ognized as correct, and gradually school men devel- 
oped the courage to omit obviously useless processes — 
from the schools. As interest in this matter developed, 
there came a demand for a simple method of procedure 
in determining the processes actually used by people 
generally — the consuming public. Experimentation 
has shown that the opinion or questionnaire method is 
inadequate. This study has presented in the foregoing 
pages the development of the survey method in answer 
to this demand, and the results of its first extended ap- 
plication and later applications. 

The survey method has now been so widely used and 
so satisfactory that it may be recommended with confi- 
dence as the accepted method of determining the processes 
that should be taught children in the grades in order to 
meet the requirements of general computational arith- 
metic. If the reader has followed the discussion to this 
point, he must be convinced that the school-pupil-survey 
method was a fortunate stroke, since it gives large re- 
turns in a short time and is easily applied in any com- 
munity. Other surveys have strongly confirmed the 
findings of the first survey. The method should be 
used to determine the general computational arithmetic 
to be taught in any community. 

Informational arithmetic. The writer first used the 
term or expression “informational arithmetic” in con- 
nection with the arithmetic work at Connersville, Indi- _ 
ana. At the time it impressed him as a very useful 
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term and one that, if brought into general use, and 
properly understood, would help to eliminate much of 
the useless computational figuring. The term was again 
used in 1924, in the Report on Arithmetic Revision, 
National Education Committee. Even to-day, one 
frequently hears reference made to the mathematics 
encountered in general reading as if it were necessary to 
put all of this material on a computational basis. It is 
not; and, more than that, it is likely that insistence upon 
computation where it is unnecessary creates a definite 
distaste for quantitative situations. Evidently, we need 
not only the new term, but a different attitude and a 
technique that will accomplish rather than defeat the 
right purposes. Quantitative thinking may occur where 
there is no figuring. Thus, number may be language 
only. 

What is involved in informational arithmetic? Re- 
cently an advanced student brought in nine pasted pages 
of clipppings from a Saturday edition of the Boston 
Transcript. They were labeled “Informational Arith- 
metic,” and this was done in anticipation of a discussion 
of that topic in the summer session group.' Using this 
material and other material at hand as a basis for think- 
ing, it appears (as indicated in the first part of this 
chapter) that there are at least three Sige. types of in- 
formational arithmetic. 

(1) One type involves mere reading oa use, such as 
the radio wave lengths for different stations; the daily 
tide records; the time of the rising and setting of the sun 
and moon; the time for lighting vehicles; the dates of 
oncoming events; the steamboat and railroad schedules; 

t Summer Session, 1925. 
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the distances between points shown in automobile 
guides, etc. These are noted as they are wanted for 
use, and the fact that figures are involved does not make 
it any more difficult than if mere words were involved. 
All that is needed here is a reading knowledge with all that 
it implies with reference to concepts and understanding. 
(2) Number occurs in general reading without any 
particular check-up for use. Illustrations of this are the 
earnings of the New England Telephone and Telegraph 
Company; the daily sales on the New York Stock Ex- 
change; the automobile production for the first six months 
of 1925 (2,175,360 cars and trucks); coal production re- 
ports; what authors of best-sellers earn per year; Ford’s 
June output (195,300 cars); the report of a humane 
society, etc. If material of this kind is read, it is read 
without any figuring. General concepts, such as form 
the basis of language or reading, are used. This general 
informational use of numbers applies to the understand- 
ing of large situations, such as government statistics, 
planetary and universe knowledge, election returns, social 
and economic statistics, scientific data, or any data of a 
general nature where a general understanding is sought. 
(3) A third type of informational arithmetic has to do 
with the development of judgment for use in close-up life 
situations, such as buying shoes, taking out accident 
or automobile insurance, renting an apartment, the ex- 
pense of owning a car, the expense of traveling, sources 
of loss and profit in a business one thinks of entering, the | 
simple principles of saving, the apportionment of money 
in the family budget, the expense involved in joining a 
country club and playing golf, the rental value of a farm. 
As one looks over the daily paper, this judgment type — 
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of informational arithmetic is much involved. If one 
studies the advertising relating to clothing, the want ads 
in which one is interested, the returns on a loan such 
as the Australian loan recently advertised — 5 per cent 
at 99%, the trend of building costs as shown by graphs, 
provided one is thinking of building — all of these situa- 
tions call for judgment. The general surveys on compu- 
tational use of arithmetic show that figuring is done 
chiefly in connection with the spending of money. A 
teacher’s work in developing judgment would teach the 
children how better to spend their money. Is it better, 
for instance, for one to pay $5 for a pair of shoes, or $10? 
Is it better to buy a Stetson hat at $7 and try to wear it 
two seasons, or pay $3.50 and get a new hat each season? 
Should people with limited income watch the bargain 
and basement sales, where they can frequently buy good 
material slightly off style, or is it better to get stylish 
material of cheaper quality? 

It is evident that in all three types of informational 
arithmetic the problem is that of building up general 
concepts. Frequently, however, this must be done by 
carefully gathering detailed information or by carefully 
developed life situations. From long experience with 
the isolated written problems of textbooks, teachers 
know that if there is not a basis in understanding, 
computational arithmetic will not give that basis. In 
arithmetic, as in spelling, drill must keep behind meaning. 
The greatest single stroke in securing better spelling was 
reducing the word list from ten or twelve thousand words 
to three thousand words or less. When ten or twelve 
thousand words were attempted, the child was con- 
stantly working upon words the meaning of which he did 
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not know, and therefore the effort was futile. Now the 
effort is spent upon words the meaning of which is under- 
stood so that effort properly expended upon this list 
gives a useful product. So in arithmetic, drill should 
be kept behind meaning, and this means that the first 
consideration is to understand the situation through 
enough contacts or enough actual experience to insure 
thorough understanding. Frequently no occas is 
required. 

The next general reflection is that the doveioouee of 
judgment is sadly needed. The amount of waste on 
luxuries and non-necessities, the failure to provide for 
old age, the lack of systematic saving, the absence of 
budgeting and the trimming of expenses as needed, the 
large percentage of business failures — all of these things 
point to the need of the development of judgment in the 
expenditure of money. Since the survey studies on 
arithmetic show that uses of arithmetic and expenditures 
of money are almost synonymous, evidently one function 
of the work in arithmetic should be to develop judgment 
in the spending of money. 

When properly developed, informational arithmetic is 
going to give us an entirely new arithmetic. Doubtless 
computational arithmetic will be eliminated from the 
first and second grades. The effort will be made instead 
to build up concepts and judgment through experience, 
life situations, and wide reading. The arithmetic work 
of the first two grades should be based upon arithmetic 
readers and the organization of experience activities in- 
stead of the old type of computational arithmetic, and 
similar work should be extended in all grades. 

Bobbitt’s study. The outstanding study to date on 
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informational arithmetic is the one reported by Bobbitt. 
It should be noted in this connection that non-technical 
sources were employed in Bobbitt’s study. Had techni- 
cal and trade magazines been used, the amount of mathe- 
matics would have been greater and more complicated. 
Bobbitt, however, assumed that the people who read 
such magazines have special vocational training. His 
object was to give aid in determining the arithmetic 
which should be taught in the non-vocational classes of 
the public schools. 

As Bobbitt points out, this study supports in a very re- 
markable way the conclusions of the survey studies made 
by Wilson, Wise, Woody, Charters, and others. The 
reading and general understanding of numbers takes one 
into larger denominations than does computational 
usage, but, even so, the great percentage of cases on the 
basis of general informational use is simple and not com- 
plicated. ‘‘Only six fractions of a total of 3000 had a 
denominator larger than 16” — and this is typical of all 
the findings in this study. He reports the results of ana- 
lyzing all pages of one issue of each of twenty newspapers 
and periodicals. The publications selected were of diverse 
character and were published in different parts of the 
country. Nooneofthem, however, was technical or voca- 
tional. The aim was to discover the mathematics needed 
by the non-specialized intelligent portion of the public. 
The arithmetical data were classified into sixteen groups: 


1. Dates — day of the month, year, and hour. 
2. Addresses — street numbers, room numbers, or post- 
office box numbers. 
t Bobbitt, Franklin: ‘The Technique of Curriculum-Making in Arith- 
metic,” Elementary School Journal, vol. 25, pp. 127-43. (October, 1924.) 
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. Telephone numbers. 
Numerals. 

. Roman numerals. 
Money. 

. Common fractions. 

. Decimals. 

. Percentage. 

. Ratio. 

. Denominate numbers. 

. Mathematical terms. 

. Graphical representation. 
. Mathematical ideas or expressions, 
. Problems. 

. Higher mathematics. 
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Findings. 1. Dates were numerous, oftentimes giving 
the year, the month, the day, the hour, and the minute. 

2. There were found 3378 street addresses in all sorts 
of combinations; e.g., 1918 Broadway, Department 909; 
and 4711 North Clark Street. 

3. A total of 1713 telephone numbers were discovered. 
They were expressed in a great variety of ways. 

4. Numbers varied from such expressions as “50 
words” to ‘‘ 255,000,000 packages of breakfast food.” 
In all there were 21,619 such expressions. Most of them 
had one- or two-place numbers, but a few had nine or 
more places. Over 97 per cent were four places or less. 
The frequency is shown in Table 41. 

5. Roman numerals occurred 148 times. They were — 
used most frequently to designate the volumes of papers 
or books, chapters of books, or sections of books. Most 
of the Roman numerals were below a hundred. 

6. References to United States money varied from one 
cent to $100,000,000,000. However, most of the amounts 
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were less than $100, and 66 per cent were less than $10. 
The frequency is shown in Table 42. 


TABLE 41 
FREQUENCY 
One-piace NUM bersaenccivdaise sons oo ces Ox Cae w ee eeee 9,625 
AUIWO= PLACE NID DETS os ois'ace So's oie Casa ae dee es PRO . 8,600 
BET CE-DLACE MININDELS: «6.05 ar slelorhss.c. coe cisiis aigiaeline voce 1,777 
MOUTIACE TUMIDEIS see saison ees wee ote cee aaieocee 1,425 
HAV EOLACE DUINDELS cco sie sini eietsirios oct a sie nnsicle seiee 308 
ix Place MEIN DEIS 7. oye ein a oaks cle oe cores eileen ee 88 
Be Veneplace MUMBETS 4). ccisis1.1. aie oles o's siclers viv crea pies - 64 
Hite NE PlACeMUMIDELS vs ace eaves ws vvioa cee sles 62 vie oie oe 19 
Numbers of nine or more places..... HoKge KOR COA ADD ee 10 
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TABLE 42 
FREQUENCY 
1 cent to ro cents...... sbatfotia sis\elavctyts ie’ a’ alos F 252 
ELS CONESALO BS L-OO vee. oc sek oureivewineisiniainaines weer 3592 
PEOICO DIO GON soe Ae torrie or ehiccli wees 4660 
SIC OPALOLSLOO ver ini loleie pisioiiove nie laiwiele sans wes 2828 
$101 to $1000........ SNR PP pe PR aay Sey ae ate fi) 
$1,001 to $10,000...... RAND AP en GC ESe 333 
DIO OOT LO P1O0;000). ¢ - se sic aslo vivid e's bales von 164 
D100,00F £0’ SE.000,000 6! <54)c12-0\e vwsie/sis c/e'veecie 100 
$1,000,001 tO $10,000,000... 2... cece seeeeees 42 
$10,000,001 t0 $100,000,000........sceeeeees 44 
$100,000,001 tO $1,000,000,000.....eseseeece 26 
$1,000,000,001 to $100,000,000,000...... aiefereve Ir 


4. Reference to foreign money contained the following 
terms: German mark, Italian lira, Japanese yen, Indian 
rupee, English pound, English threepence, English 
guinea, and English half-crown. 

Mitchell’s study. This study attempted to determine 
the needs for arithmetic as indicated by an analysis of a 
standard cook book, the payrolls of a number of artificial 


Seventeenth Yearbook of the National Society for the Study of Education, 
Part I, pp. 7-17. 
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flower and feather factories, advertisements or mark-down 
sales, and a general hardware catalogue. The findings 
are briefly summarized as follows:* 


Study I. From the cook book: 
(x) The numbers occurring were very small regardless of 
whether they were integers or mixed numbers. 
(2) The most commonly occurring fractions had denomi- 
nators of 2, 3, 4, and 8 


Study II. In these factories piece work obtained and was 
figured on the basis of rate per dozen. This meant 
adding fractions and mixed numbers for the total number 
of dozens. The denominator in each case was never 
greater than 12, the multiplier was always the rate per 
dozen. No doubt, the pay roll clerk had tables for any 
amount at any rate to which he referred constantly. 

NPs 

Study ITI. From marked-down sales advertisements: 

(1) Discounts noted with the exception of halves and 
thirds were expressed in percentages. 

(2) The most common practices were to use ro per cent, 
20 per cent, 25 per cent, one third, and one half off. 


Study IV. From the general hardware catalogue: 

(1) Many articles were sold by the dozen, thus necessi- 
tating ability to calculate using fractions and mixed 
numbers involving 12 as the denominator of the frac- 
tion. 

(2) Fractions with denominators of 16, 32, and 64 were 
used. Many of these fractions were merely descrip- 
tive, although the dealer had to read and understand 
them. 

(3) Quantities tabulated under avoirdupois weight were 
descriptive of the weights of articles, but addition 


* Third Yearbook, Department of Superintendence, pp. 48, 49. 
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of weights was necessary in determining freight 
rates, 

(4) The measuring terms frequently used were: inches, 
feet, yards, ounces, pounds, dozen, gross, quarts. 

(5) The units often used in selling were: per each article, 
per dozen, per gross, per hundred, per pound, per 
foot, per hundred feet, per square foot, per hundred 
square feet. 3 


General conclusions. In his general conclusions Mit- 
‘chell notes: 


(1) The great relative frequency of small numbers. 

(2) The prominence of the dozen as a unit of production 
and of trade. 

(3) Although decimalization is one of the distinguishing 
features of the present-day arithmetic, tenths and 
hundredths play but an insignificant part of produc- 
tion and of trade so far as shown by these studies. 
Discount rates in mark-down sales are simple. 
They do not require any figuring. They are means of 
securing attention. 


College textbook analysis. Williams analyzed a 
freshman text in chemistry for mathematics needed. 
Callaway analyzed a college freshman clothing course 
to determine the mathematics needed.? Williams found 
that mathematical concepts were used 124 times, of 
which percentage and volume comprised nearly one half. 
Seventy-three different denominate numbers were used, 
the most common of which were degree, gross, and meter. 
Fifty-five different fractions were used. The denomina- 
tors were comparatively simple, although twenty-four of 


tL. W. Williams: “The Mathematics Needed in Freshman Chem- 
istry,” School Science and Mathematics, vol. 21, No. 7. (October, 1921.) 
2 Summarized in Charters’ Curriculum Construction, p. 241. 
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them ended in hundreds or thousands. A few compli- 
cated decimals were used. Chemical equations occurred. 
Oftentimes the arithmetic was fairly complicated. 

For the clothing course, Callaway noted that 111 
mathematical concepts were needed. Of these 43 were 
geometrical. All other mathematical terms were arith- 
metical. Chief among these terms were line, equal, 
center, measure, width, length, and point. ‘The most 
common units of measure were inch, dollar, yard, head, 
and year. The most common fractions were halves, 
quarters, sixths, eighths, tenths, twelfths, and sixteenths. 
Of the 1580 integers used 1089 were one-place integers. 
Most of the others were two-place and three-place. 
There were no five-place integers. In pattern-drafting 
there were minor technicalities involving mathematical 
terms. +&:% 

Comment. It is evident, as one might expect, that in 
such college courses as chemistry and dressmaking some 
mathematics is needed. Most of the mathematics needed 
is merely the informational or general understanding 
types where no figuring is required, and, for the most 
part, it is simple. Sometimes it is complicated. The 
evident conclusion is that the more complicated special- 
ized figuring needed in freshman chemistry or dress- 
making should be taught when needed. No conscious 
attempt should be made in the grades to prepare children 
for freshman chemistry. These studies by Williams and 
Callaway should be suggestive to teachers of chemistry 
and dressmaking in college work. 

Reading and proficiency in arithmetic. This study 
reported by Knight, points to the desirability of more 

* See Third Yearbook, Department of Superintendence, p. 39. 
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careful attention to reading. It shows that, it a poor 
reader can be transformed into a good reader within 
a year, his excess gain in arithmetic comprehension 
amounts to eight and five tenths months, and this gain 
can be clearly credited to his improvement in reading. 
The suggestion is that, where there is no clear under- 
standing as measured by ability to read and comprehend, 
the work in arithmetic is slowed down. This question 
is given further consideration in Chapter XIII. 

Camerer’s investigation. This is an interesting study 
bearing directly upon information needed about banking. 
The questionnaire method is used. The study is a sum- 
mary of replies from thirty-five employees of banks in 
the Middle West and in the Far West. The same ques- 
tions were submitted to parents, but the answers by 
parents and bank employees were kept separate and the 
summary was made on the basis of bank employees. The 
summary indicates that people need to know and even 
need to be taught such simple things, as: (1) How to write 
a check; (2) when checks should be cashed; (3) how to 
indorse a check; (4) how to open an account; (5) how to 
write a note, etc. — to a total of fifty-five details. 

This study is an illustration of what is needed in many 
of the simple lines of business. Banks note the mistakes 
made by adults as they come into their banks. Much 
effort is now being expended in the schools, ard properly 
so, to have children open savings accounts and to teach 
them the simple things connected with saving and bank- 
wg. It is informational and judgment-forming work, 
and certainly very much more profitable and more in 

* Seventeenth Yearbook of the National Society for the Study of Educa- 
tion, Part I, pp. 18-26. 
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line with the true purposes of the schools than the old 
type of work upon processes in arithmetic that were never 
used. 

Woody, on calculating machines. This study sum- 
marized the practices in forty business houses in Ann 
Arbor, Michigan, with reference to the use of mechanical 
devices. The business houses included three banks, 
five drug stores, six grocery stores, four dry-goods stores, 
three bakeries and restaurants, two hardware stores, two 
shoe stores, three men’s clothing stores, two book stores, 
one electric shop, one wall-paper and paint store, one 
jewelry store, one office outfitting store, one five-and- 
ten-cent store, one news company, one tea and coffee 
house, one meat market, one candy store, and one 
phonograph store. 

Each firm had at least one cash register and some had 
as many asten. Almost all firms had at least one adding 
machine; the banks had from six to eight machines. The 
banks used bookkeeping machines. Computing scales 
were used in all grocery stores, all meat markets, all drug 
stores, and all candy shops. In one grocery store two 
cheese-cutters were used, operated on the computing 
plan. 

Many tabular devices were used to reduce the amount 
of tabulation. The banks used bond and interest 
tables. The news company used a “ price table”’ to tell 
the price of the different magazines or combinations of 
magazines. The drug stores used “ percentage solution” 
tables whereby it was possible to find the different 
amounts of a chemical to make a solution of a particular 
strength. The hardware had “ screen” tables for finding 

* Summarized, Third Yearbook, Department of Superintendence, p. 53. 
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the areas of screens of different lengths and widths, and 
discount tables for determining the cost price from the ' 
list price in wholesale catalogues. The book stores used a 
“printer’s” table for determining the number of sheets 
per pound according to the quality. In fact, almost 
every firm used tabular devices of some kind. 

The goods were always marked to avoid complicated 
calculations. 

Many of the managers insisted that neither their em- 
ployees nor the purchasers did much actual calculation. 
The managers estimated that only about 29 per cent of 
the buyers ever add the cost of the different articles 
purchased to find the amount and that only about two 
thirds of their customers check the change given them. 

These business men insisted that what the schools 
need to do is to emphasize the four fundamentals. 

Business men agree that the most common mistake 
made by buyers is involved in making change. Many 
buyers do not understand the method of making change 
and get lost. 

The outstanding conclusion from the entire investiga- 
tion is that little calculation in arithmetic is actually 
done. ” 

Other studies. Brief mention only will be made of a 
few other studies on the informational usage of arithmetic. 
Chase ' found that school pupils made little or no use of 
- mensuration facts out of school. Seventy-eight per cent 
of all pupils crossed off everything in her list as having no 
use. ‘Teachers of manual training said that board area 
was needed to compute cost, but that no other areas 


t Chase, Sarah E.: “Waste in Arithmetic,” Teachers’ College Record, 
September, 1917. 
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were needed in their courses. Teachers of other subjects 
answered that neither areas nor volumes were needed for 
their work. Of the workers, 68 per cent of the women and 
30 per cent of the men crossed off everything as having no 
use. 

Hanus and Gaylord? used the Courtis Arithmetic 
Tests with adults and compared the results with the re- 
sults secured from eighth-grade pupils in Boston. The 
study emphasized the fact that there is proficiency in 
proportion to practice and use, and a rapid decline in 
computational ability where there is no practice in actual 
usage. 

Studies relating to the uses of algebra and higher 
mathematics are of less concern in the present study. 
Such studies have been made by Thorndike, Rugg and 
Clarke, Chase, Williams,«Schorling, and the National 
Committee on Mathematical Requirements. In general, 
these studies show a simplified situation, and, where 
usage does occur, it is much more likely to be general 
understanding or informational usage than computational 
usage. In this connection, Thorndike says, “‘The mere > 
knowledge of the language of algebra has more utility 
than educators have thought, while skill in computing 
has less.”” This statement was based upon an inventory 
of the Encyclopedia Britannica, in which he found that 
only 3.5 per cent of the total number of articles called for 
any knowledge of mathematics beyond arithmetic. In 
another study Thorndike found that high school texts, 
aside from mathematics, chemistry, and physics, required 


Hanus, Paul H., and Gaylord, Harry D.: “Courtis Arithmetic Tests 
Applied to Employees in Business Houses,” Journal of Educational Ad- 
ministration and Supervision, November, 1917. 
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for their understanding little or no mathematics beyond 
the simple elements of arithmetic. At the same time, 
Thorndike emphasized the desirability of a knowledge of 
advanced mathematics for writers and research students. 

Schorling’s study, as one of the more recent and less 
well known, is summarized and commented upon in the 
following paragraphs. 

Schorling’s studies.t Schorling was interested in high 
school mathematics, and did not like the conclusion of 


_ Adams (reported by Bobbitt) that there was practically 


no reference to materials drawn from algebra, geometry, 
and trigonometry. Schorling tabulated data from ten 
metropolitan newspapers during the year 1922 with ref- 
erence to the occurrence of units of measure. The re- 
sults are shown in Table 43. 


TABLE 43. THE FREQUENCY oF UNITS OF MEASURE IN THE 
READING OF NEWSPAPERS 


Cubic feet... 
Square yards 
Square inches 


t Schorling, Raleigh: Objectives in the Teaching of Junior High School 
Mathematics. 1925. 
w IOI 
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It may be noted that only seven measures are even 
mentioned in all of the newspapers. ‘These measures are 
foot, mile, acre, inch, barrel, yard and gallon. These seven 
measures cover 84 per cent of all mentions. The term 
meter is used in only two of the newspapers, doubtless in 
connection with special articles or reports. Thus it 
appears that where a special effort is made to note general 
usage of measures, the results are very simple and highly 
confirmatory of the results secured by Adams. 

In another study, Schorling noted the frequency of 
uncommon fractions, that is, frequency with denomina- 
tors other than 2, 3, 4, 5, 6, 8, 10,12, and 16. In fifteen 
issues of metropolitan newspapers extending across the 
country from Boston to San Francisco and in two issues 
of the Industrial Digest, he found a total of sixty-six 
fractions with other denominators than those mentioned 
above. Sixteen of these were used in connection with 
horse-racing and billiards. Twelve related to stock 
market quotations (denominators 32). Seven related to 
descriptions of land in mortgages, or legal notices with 
denominator roo. Here again where the effort was made 
to search out the uncommon or more difficult usage, the 
result was a very simple situation. In all of these, so far 
as is evident from the study, no computation is required 
— merely a reading knowledge. 

Schorling makes a worth-while contribution in his 
special studies of the frequency of mathematical terms 
in more specialized magazines. For this study he took 
Popular Mechanics and Popular Science and noted any 
word which had a mathematical significance, usually 
geometrical. These magazines, which were mostly of the 
year 1921, yielded a total of 211 terms mathematical in 
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nature. Thus it is seen that more highly specialized 
reading in the field of science and mathematics makes 
more use of mathematical terms, as might be supposed. 
It is evident, however, that a mere reading knowledge is 
usually all that is required, and that many of these terms 
are so simple as to be easily understood without any 
special training in mathematics. Of the 211 terms, 74 
occur once, 44 twice, and 17 three times. The total 
number of occurrences of all terms is 5684. The first ten 
terms and their frequency are as follows: end, 507; length, 
285; side, 245; center, 203; lines, 201; surfaces, 185; posi- 
tion, 181; point, 166; cylinder, 149; space, 130; total, 
2252, or 39 per cent of the total occurrences. Further 
analysis would emphasize the point made above, that a 
general knowledge even without computational ability 
is sufficient for an understanding of these terms so as to 
enable one to read intelligently most at least of even the 
more highly technical subject-matter of such magazines 
as Popular Science and Popular Mechanics. 

It is unfortunate that Schorling does not rest his case 
on his objective studies, confirming and supporting as 
they do the previous objective studies. Instead, he 
couples them with studies based upon opinions of “ex- 
perts,” analysis of courses of study, and analysis of text- 
_books, and, by taking the widest spread of data, he makes 
a case for secondary mathematics of the usual type. He 
even justifies the trigonometric tangent, sine, and cosine. 
But careful reading of the questions * put to his “jury” 
shows that this thighly specialized knowledge represents 
the ambitions of a group of college professors for their 
own sons and daughters, not their sober judgments as to 

t See page 98 of his study. 
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how the time of;pupils in high school may be most 
profitably employed. It is time that we began to realize 
that reliance upon opinions of “ experts,” analysis of 
courses of study (made by “‘experts’’), and analysis of 
textbooks (written by “experts”, will lead only to in- 
breeding with its usual train of evils. The aim of objec- 
tive studies is to give some valid criteria by which to 
check the opinions of experts. 

A case is weakened by claiming too much. It is not 
necessary to require a large amount of relatively useless 
mathematics of all pupils, in order to justify a long line of 
higher mathematics for the few with special abilities or 
interests. There are adequate reasons for continuing, 
on an elective basis, the mathematics of high school and 
college, even though it has little or no use for the average 
citizen. % PK 

The general conclusions from the studies on informa- 
tional arithmetic are, obviously: (1) The range of num- 
bers and terms is slightly greater than in computational 
arithmetic of daily use, although the vast majority of 
numbers and terms are the same as in computational 
arithmetic. (2) The wider range of numbers and terms 
found in informational arithmetic need cause no concern 
so far as it affects computational work in arithmetic in 
the schools, as only a general or reading understanding is 
required. (3) Informational use of arithmetic in life is 
important enough to demand attention in the schools. It 
calls for a new type of work for which most schools have 
as yet made no provision. 


XII 
VOCATIONAL FIGURING 


THE question as to the specific figuring required in vari- 
ous vocations is becoming more and more persistent and 
in time it must be answered quite specifically and fully 
for each vocation. The writer in his survey of 1918 per- 
ceived this question and endeavored to test it out some- 
what in specialized communities! The conclusion at 
that time was, that “‘little of the figuring of the highly 
specialized occupations appears in the pupils’ reports. ... 
Most of the highly specialized figuring is too difficult for 
pupils to take and so it comes in only when the father will 
take the time to write it out.” 

From 1917 to the present, the writer has been working 
more or less on this matter of vocational figuring. Before 
that he had been trying to solve the problem, but had 
not found a method. In his files now he has records 
of the figuring done by: lumber accountants, roofers, 
druggists, pattern-makers, restaurant cashiers, plumbers, 
electricians, shoe clerks, managers of small general stores, 
department store managers, automobile salesmen, mana- 
gers of bank Christmas Clubs, managers of school cafe- 
terias, expert automobile mechanics, and express messen- 
gers. As yet, this material is not extensive enough to 
justify complete analysis. . Apparently it is going to be 
disappointing to those who expect for each occupation a 


t See Appendix B, A Survey of the Social and Business Usage of Arith- 
metic, by G. M. Wilson, Teachers’ College Contributions to Education, 
No. 100. 
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large amount of highly specialized and complicated figur- 
ing. For the most part, in any occupation the figuring 
required is the simple use of fundamentals and fractions. 
Only occasionally is there something difficult or compli- 
cated. 

During the summer session of 1924 three advanced 
students in Boston University undertook to analyze the 
5621 problems from Topeka, Kansas, reported and scored 
in Wilson’s 1918 survey. They also analyzed the 4368 
problems reported in the Edward Everett School Dis- — 
trict Survey (Boston). They covered in a sketchy 
manner a large amount of the other data from the 1918 
survey. They endeavored to select and study each 
problem which could be called a vocational problem. 
The following is a sample. 


he 


My father sold: 


Seven rolls of paper ab aze. . csc os ens vase sce eens ee $2.24 
Nine Yolis'of border Atte: °. =; «ao ao css denen ene $1.44 
Three quarts of varnish at 8s5¢s%...)5.0.. ces. cas ores $2.55 

Pe Otal. ec arate tia gia civic ev sica wiegeae neare tee aie hae $6.23 


Change back from $7.00 is 77¢. 


The committee was able to find very few strictly voca- 
tional problems. Their conclusions were: 


1. Problems were very simple if vocational at all. For the 
most part they involved simple addition, subtraction, and 
multiplication. 

2. There were several problems involving pay on the job, 
but they were equally simple. 

3. It appears that very simple arithmetic, thoroughly 
taught, will meet the needs of the great majority of people. 

4. It is still our belief that a highly specialized arithmetic — 

106 


VOCATIONAL FIGURING 


- is needed for certain trades. In such trades there will be 
workers of varying initial ability. Doubtless most special- 
ized arithmetic can be best taught on the job. 

5. The question is still unanswered as to how much and 
what highly specialized airthmetic is needed and in what 
occupations it is needed. 


The committee found among the 5621 problems re- 
ported from Topeka only five problems that were suffi- 
ciently specialized to require anything more than the 
fundamental processes and fractions. Evidently the 
school-pupil-survey method does not secure the highly 
specialized figuring, or else, for many occupations, there 
is little or no highly specialized figuring. Apparently it 
is necessary for teachers and other interested investiga- 
tors to gather the vocational problems directly from vo- 
cational men by actually copying on the job. 

General analysis of the 155 occupations in Wilson’s 
1918 survey. The writer, on the basis of general informa- 
tion and what checking he and codperators have done, 
attempted to determine which of the 155 occupations 
listed in his original study required special vocational 
figuring, and, likewise, the ones in which the figuring is 
fully covered by the general figuring determined by the 
school-pupil-survey results. The conclusion is that, out 
of the 155 occupations, 127 do not require any highly 
specialized arithmetic. Their needs are fully met by the 
general arithmetic as shown by the school-pupil-survey 
method. Among the 127 are such occupations as: actors, 
bakers, barbers, blacksmiths, brass-workers, butchers, 

t This question of vocational figuring must be answered, Any one 
willing to codperate is urged to do so. The writer will appreciate the 
opportunity of codperating. 
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butter-makers, café-workers, cement men, chamber- 
maids, cleaners, coal miners, cooks, etc. This leaves 28 
of the 155 which the writer thinks may require special- 
ized figuring. The 28 occupations so noted and the 
figuring which he thinks may be required, are as follows: 


Vocation Probable Vocational Figuring 

Abstractors Copying, drawing to scale 

Advertising managers Estimating, checking returns 

Anti-Saloon League superintendent | Estimating, graphs 

Architects Drawing to scale, estimating, read- 
ing and using tables 

Auctioneers Wide informational values 

Auditors Accounts 

Bankers Reading tables and graphs, wide 
information on values 

Bookkeepers ; Accounts 

Brokers Stock quotations 

Carpenters pot Accurate measuring, diagonals 

Cashiers 2 Adding machines, money-changing 
machines 

Confectioners Proportions 

Contractors Estimating 

Decorators Accurate measuring 

Dressmakers Accurate measuring 

Druggists Apothecaries’ weight 

Electricians Mathematics of electricity 

Engineers Drawing to scale, higher mathe- 
matics 

Factory superintendents Estimating 

Gunners Range finding, gun-setting 

Masons Accurate measuring, estimating 

Manufacturers Cost accounting 

Painters and paper-hangers Accurate measuring, dividing, 
papering rule 

Plumbers Accurate measuring, reading blue- 
prints 

Postmasters Reports to Government 

Stock dealers Stock quotations 

Stone contractors Drawing to scale, estimating, 

: accurate measuring 
Tailors Accurate measuring 
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The above is not in the least authoritative. It is 
simply a judgment as to needs in the various occupa- 
tions. Further definite checking on the job may show 
that some of the occupations which the writer thinks are 
fully covered by general figuring have some specialized 
figuring. On the other hand, some noted as having some 
specialized figuring may not have. The question is 
still open, but the writer has been willing to put down his 
judgment on the matter to stimulate further thinking 
and secure help upon the problem. 

It is known that the arithmetic needs of many voca- 
tions are fully satisfied by the general arithmetic used by 
the consuming public, but it is also known that in some 
vocations there is need for arithmetic which is not of 
general use or interest, such as, for instance, the special 
use for apothecaries’ weight by the prescription clerk. 
While it is generally assumed that the purpose of grade 
work is to teach only general arithmetic, in time it may be 
found that the arithmetic needed in most occupations can 
easily be covered in the grade work, leaving for special 
instruction, or perhaps for learning on the job itself, the 
minor details of figuring called for in particular occupa- 
tions. It is the general recognition of the point of view 
here expressed which has enabled leaders in public edu- 
- cation to recommend that the former encyclopedic pro- 
cedure in arithmetic be abandoned. If only one child 
in every ten thousand becomes a prescription clerk, it is 
wasteful of public money to teach every one of the ten 
thousand children the details involved in using apothe- 
caries’ weight. Furthermore, if all of the ten thousand 
children were taught this information in the grades, the 
operation of the law of disuse would mean that most of 
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them would have forgotten it before arriving at the age 
for actually using it in a real job in the drug store. 

The Melrose vocational survey. Recently a com- 
mittee * made a determined attempt to get at the voca- 
tional figuring of specialists in a particular city. Persons 
were interested to the extent of agreeing to codperate in 
listing their figuring in the following occupations: tourist 
agency, insurance, plumber, gold-beater, provision busi- 
ness, carpenter, druggist, milk dealer, lumber sales agent, 
banker, superintendent of sanitarium, candy manufac- 
turer, expert accountant, lawyer, farmer, real estate, 
hardware, broker, and gas engineer. Table 45, which 
follows herewith, gives a complete summary of the num- 
ber of problems and the percentage under each process. 
Careful study of this table shows that the fundamental 
processes predominate. The one marked variation from 
the results secured in the various school-pupil surveys is 
in the use of fractions. In this vocational study nearly 
27 per cent of all problems involved fractions, while in 
the 1918 school-pupil survey less than ro per cent of the 
figuring involved fractions. However, an analysis of the 
fractions shows that in the vocational figuring as in the 
general figuring the simple fractions greatly predominate. 
Table 44 shows the fractions, their frequency, and the 
percentage of the total. 

In the 1918 school-pupil survey, 1/2, 1/3, 1/4, 3/4, coal 
up about go per cent of the total fetion: In the Mel- 
rose vocational survey, they make up only 80 per cent of 
the total. In the vocational figuring it appears that the 
fractions 1/6, 1/8, and the fractions with the denominator 
12 appear more frequently. It should be added, however, 

* At Melrose, Massachusetts, Bertha M. Hatch, chairman, 
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TABLE 44. FRACTIONS IN THE VOCATIONAL SURVEY IN MELROSE, 
MASSACHUSETTS, 1924-25 


FRACTIONS TIMES FOUND PERCENTAGE 
1/2 51 52.57 
3/4 12 1237 
1/4 Io 10.3 
1/6 9 9.27 
1/3 5 5-15 
1/8 3 3.00 
4/12 2 2.06 
1/12 I 1.03 
2/9 I 1.03 
3/16 I 1.03 
7/16 I 1.03 

18/31 at: 1.03 
PE Of al Sir aia axe, sJo wales « 6 .0he/0.0 97 99.96 


that the total number of occupations involved in this 
study was only 21. This means that the attempt was 
made to get the actual figuring of 21 vocationally em- 
ployed men for the period of a month. Only 363 pro- 
blems were secured. Manifestly the results are too small 
to justify generalization. It can only be noted that on 
the face of these data, vocational figuring may prove to 
be comparatively simple instead of extremely complex. 
Table 45 shows all processes disclosed by this survey and 
their frequency. 

Conclusions. The evident dearth of authoritative 
studies on vocational usage makes it impossible to draw 
any final conclusions. The negative side of this ques- 
tion is emphasized in two other studies — one by the 
writer in Connersville, Indiana, in 1911, and the other by 
Moore in Southern California in 1923. The same general 
procedure was used in both studies—a questionnaire 
mailed to business men. In general, the studies showed 
little or no use for a large list of topics which were formerly 
included in the arithmetic work, and, furthermore, that 
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TABLE 45. SHOWING THE TOTAL NUMBER OF PROBLEMS CLASSIFIED 
SURVEY FOR VOCATIONAL FIGURING, MELROSE, 
MASSACHUSETTS, 1924-25 


TOTAL 
NuMBER OF 
ProBLeMS PERCENTAGE 

INAAUGION caterer a 0 nica ties e wa clarscemmtare iexsueraions 38 10.46 
SUDBEACHOR Wan esis ate ese lacs iecnier< si sere cjeis.ale mip utets 21 5.78 
BVENIL EH TC aCIOM vera terete aitaicse usted nt elelatanete ett weelate 49 13.49 
BA VaSIOM eyo aac eo shar chascleresstaists ee si ciota aalokelgiarecey Sele x II 3.03 
PANEL OWES LOCESSES vase crtaveNsh le; dial orale skavahe acer oi ees 2 +55 
Addition and subtraction............ Breet a ere 24 6.61 
Addition and multiplication . os: 06. cs cee soo 37 10.19 
IRCGEION ANG, CIVISION cite io sts os vice esis ie: omelet I 127 
Addition, subtraction, and multiplication....... 13 3.58 
Addition, subtraction, and division ............ 
Addition, multiplication, and division......... < 
Multiplication and subtraction.............6+- 
Multiplication and division... ...........+e00. 3 .82 
Multiplication, division, and subtraction........ I ey 
Division and subtraction...........sscseeeess ae 

Totals, fundamental processes.........-. 200 55.05 
BankdisCount-mice 225 sce cece eon ook cetererrarelse I .27 
IBOATCUIMEASUTE Saga alajaie sere p wie Sas a cceeeretoiciales aeters 2 55 
AS OUMPIISSEOM os « jarcis\alevsioie othe sis Sst sae gions, Seca Gre aters 7 T.02 
Gubig Measures). Aeete suse a won ee aes eee eet 4 1.10 
FEPACtLONS ed sia orotic teh uate a hrs he hee Morse ue aero 07 26.72 
EMSUPANCO Nata et ecerersicte Mstihere ce ausis, Sbis hela ee atin cace 9 2.47 
ATIECLES ENS Gilets Sse ca asain os oiangr ER DEAS 4 T7T0 
MC AINCUTAGASUTE A. Crain orovevers a teis cle lous}¥ x letdin cols nieces I 27 
WAMEAT MEASUTE.< \ certarere ise eene ee cares ele ee alee 9 2.47 
Muiguidsmedsure ss 52s) .Abtiatsh sie Lele reete eee 4 1.10 
ANT SHISUEA TION rss osc han certo ave Musbuconsher at chalets 1 a ees 2 -58 
Papering eye oie vc iss ci ean ie obs seer eS wie 9 2.47 
Sing lines Nawenc cuts win ser ctdtetenieieears che ac acetone I =27 
DOUBLE MEASUING y vxasartia faints sist ete shares a istlera termes a 1.92 
Traderdiscotinig!). once orn. eo on eters oon 4 I.10 
WEE Freda VINENt oy apctra eesti Mebiis ene el cherie ates 2 55 

Totals, sother processes! cts cteisere senior 163 44.83 

PL OCAUS oti atalerts mints ernaterete pia sok some s03 99.88 


the figuring actually used was largely included in the 

fundamental] processes, simple fractions, and percentage. 

Business firms with whom Moore corresponded said 
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again and again, ‘‘Send us students who are accurate in 
the fundamentals, simple fractions, and percentage.” 
Until more is known about specific vocational needs, 
‘some such slogan may be adopted for arithmetic work in 
the grades, and in the high school in other than strictly 
vocational classes. 


XIII 
REASONING PROBLEMS 


RECENT educational literature shows evident dissatis- 
faction with reasoning or written problems as they appear 
in textbooks in arithmetic. Children fail to understand 
the meaning of these problems and become thoroughly 
discouraged when working upon them, developing the 
typical schoolroom dislike for the subject. While there 
has been considerable discussion, and many proposals for 
remedying the work on reasoning problems, one cannot 
fail to be impressed with the fact that much of this dis- 
cussion is of very secondary importance, and that the real 
remedy has been overldoked: In a recent summary on 
scientific investigations in arithmetic consisting of 165 
pages, two and a half pages are devoted to a chapter bear- 
ing indirectly upon the subject of reasoning problems.” 
The only suggestion in this chapter is that a better 
method of reading numbers should be taught, in accord- 
ance with the investigations of Terry. This illustrates 
the scarcity of scientific evidence on the subject. 
Criticisms of Merton and Buckingham. Merton? 
criticizes the usual type of textbook, or teacher-made, 
problems in arithmetic, and then proceeds to investigate 
the subject by giving a test consisting of thirty-two 
problems of the same general nature. He finds that a 
large per cent (34) of these problems are missed by chil- 
* Buswell and Judd, Investigations Relating to Arithmetic, chap. to. 


? University of Ohio, Research Bulletin, April 15, April 29, May 13, 
1925. 
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dren in the fifth, sixth, seventh, and eighth grades. 
Merton shows that the number of wrong solutions by 
individual pupils ranges from zero to twenty-three. 
Only one pupil showed no wrong solutions. The median 
number of wrong solutions per pupil was 8.6. There 
was a total of 117 pupils involved in this investigation. 
In further analysis of the work, Merton shows that 
57-8 per cent of pupils’ errors were due to procedure 
wholly wrong or entirely inadequate, representing a great 
variety of wild guesses and random manipulations. 
Pupils following procedure partly wrong amounted to 
8.7 per cent. But the author concludes that this 8.7 
per cent should really be added to the 57.8 per cent, 
making a total of over 66 per cent of the errors due to 
failure to understand the significance of what a problem 
is about. The errors in computation amounted to 14.9 
per cent, inadequate knowledge of the processes involved 
made up 6.6 per cent of errors, 4.7 per cent of the errors 
were due to mistakes in copying. The significant point 
of this study is that two thirds of all mistakes were due to 
failure to comprehend what the work was about, and that 
this is the largest item in explaining failure. The final 
analysis of errors in this study shows a high correlation 
between low mental intelligence and failure on the test, 
but apparently misses entirely the point that the nature 
of the test is the chief source of the trouble. It is mean- 
ingless and formal, and is typical of the problem work 
which must cease to form the basis of reasoning problem 
work in the schools. 

Buckingham’s brief report on evaluating arithmetic 
problems* shows very great keenness in choosing pro- 

t Research Bulletin, University of Ohio, January 21, 1925. 
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blems adapted to median ability of the grade. In- 
cidentally it is noted that children do better upon pro- 
blems formulated by the teacher. Had he gone one step 
further he would have hit upon the real solution of the 
whole matter. The one step further is to let the pupil 
formulate his own problem on the basis of his own experi- 
ence and the demands of a real life situation. Problems 
so formulated will not result in wild guesses, because the 
child will know what it is all about and will accordingly 
show judgment and right procedure in the solution. 

Other criticisms. Another bulletin’ goes into great 
detail as to how to overcome the reading difficulties which 
children encounter in written problems. The following 
nine points are given in summary: 


1. Lack of vocabulary. 

. Failure to read or ste all of the elements in the problem. 

. Failure to resist the disturbance caused by preconceived 
ideas. 

. Inability to read between the lines. 

. Failure to understand fundamental relations, particu- 
larly those of the inverse type. 

. Failure to make a quick change of mental set. 

. Failure to generalize or transfer meanings. 

. Failure to interpret cues correctly. 

. Responding to irrelevant elements. 


Ww YN 
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One who has sensed the real difficulty in this whole 
problem situation will realize at once that all of these 
points, while good and worth while, are nevertheless 
secondary. If we go about in a formal way, building 
up an arithmetic vocabulary as suggested not alone by 


* Reading Difficulties in Arithmetic. Wisconsin State Department of 
Public Instruction, August, 1925. 
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Osburn, but by others,* this procedure can be just as 
formal, meaningless, and profitless as anything else we 
have been doing in connection with the usual type of 
written problems. Many of the school concepts of 
children are ‘‘empty and erroneous”? because of the 
formal and meaningless way in which the schools have 
set about their tasks. We are forced in this connection 
to agree with the main point of Dr. Hamilton’s criticism: 3 


They first try to find out, by analysis and experiment, what 
skills are involved in studying the subject; and then, putting 
aside further consideration of the raison d’étre of the subject as 
part of the general curriculum, they take up the secondary 
question of how those skills can be developed. They are then 
very soon engrossed in the investigation, frequently statisti- 
cal, of some branch of pedagogical mechanics, and they virtu- 
ally cease to think about education. ... 

But there is one sense in which a problem must be concrete, 
in order that it may be a problem, for the pupil, at all. It 
must refer to a situation which is sufficiently familiar to the 
pupil for him to be able to realize the full significance of the 
data and to see clearly what it is that he has to find out. 


The real difficulty. Our attempts at remedying the 
artificial character of reasoning problems must, on the 
whole, be characterized as equally artificial. What we 
need to do about reasoning problems is to turn in a good 
full stream and clean out the Augean stables. The iso- 
lated written problem of the usual type should disappear 

t Pressey: Arithmetic Vocabulary. Public School Publishing Company. 
Streitz: Difficulties in Arithmetic. Bulletin no. 18, Bureau of Educational 
Research, University of Illinois. . 

2 Scott and Myers: “Children’s Empty and Erroneous Concepts of the 
Commonplace.” Journal of Educational Research, November, 1923. 

3 Hamilton, E. R.: “Insight and Skill in Arithmetic,” Journal of Educa- 
tional Research, September, 1925. 
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from textbooks, and the schoolroom. It should be re- 
placed by the real problem arising directly out of the 
child’s experience. This means that written problem 
work hereafter should be based upon large, sizable, 
thinking situations, and usually developed in the local 
community. They should be well within the compre- 
hension of the child, and should appeal strongly to his 
interests. They are not primarily computational, but 
informational. They should develop understanding 
of business, and judgment in the expenditure or use 
of money. This same point has been briefly touched 
upon before, under ‘Informational Arithmetic” in 
Chapter XI. 

“Reading difficulties” and ‘“‘wild guesses”’ are reduced 
to a minimum where a committee of seventh-grade chil- 
dren have the task of managing the school savings ac- 
count and awarding the thrift banner to the room show- 
ing the highest percentage of deposits. If a sixth-grade 
child is keeping a check on father’s automobile in order to 
determine the fraction of the family income which goes 
into owning and operating a car, there is no confusion 
over “what it’s all about anyway.” The child may come 
to the teacher for help in getting a good form and a com- 
plete scheme for checking, but he will also go to father 
and to the garage man. Under these real work condi- 
tions, the teacher is as likely to need help as the pupil — 
it will be a real problem for both. 

It is evident that the real difficulty is not in the child, 
but in the nature of the written or reasoning problems 
used as a basis for work. The usual written problem of 
the textbook is formal and meaningless. It only con- 
fuses and annoys the child, where instruction is badly 
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_ needed and where instruction is appreciated by the child 
if rightly given. 

Number of steps in adult problems. I have consider- 
able data on the number of steps in adult problems. 
I hesitate to publish them. The number of steps makes 
so little difference in comparison with the difference it 
makes in having real problems instead of formal ones. 
If the problem is a real one to the child, the number of 
steps is of comparatively little consequence. 

The problems involving the fundamental processes in 
the 1925 Survey, Boston area, were analyzed as to the 
number of steps involved in each problem. These pro- 
blems constituted 81 per cent of all problems reported in 
the Survey. Table 46 shows the classification as to steps 
and processes. 

It is interesting to note that 75 per cent of these 
problems involved one step or process only, that 20 per 
cent involved two steps or processes, that about 4.5 per 
cent involved three steps or processes, and that no pro- 
blems were found with more than three steps or pro- 
cesses. 

It will be noticed that most of the three step problems 
(182 out of the 198) involved addition, subtraction, and 
multiplication. Here is a typical problem involving 
these three processes: 

Mother got part of the new baby’s outfit at the Shepard 
Stores. She bought 3 bands at 5o0¢ each, and 3 undershirts 
at $1.50 each. She gave the clerk a $10.00 bill. How much 
change was due her? iil 

There are the processes — multiplying, adding, sub- 
tracting — but the situation is very simple, and if a pupil 
has brought this in as a real problem from her home, 
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TABLE 46. SHOWING STEPS OR PROCESSES IN PROBLEMS IN 
FUNDAMENTALS, 1925 SURVEY, BOSTON AREA 


One step or process: 


Addition....... nya (aveceia «eee. 854 Or 15.632 per cent 
SUDEFACLION’..: |isiele ss sleewann 870 15.925 
Multiplication ............ 1390 ©6255. 444 
DDIVASION. peice he ci sinaiainie sie 231 4.228 


61.229 per cent of all problems, 
or 75.492 per cent of fundamental 
processes alone 


Two steps or processes: 
Addition and subtraction... 159 or 2.910 per cent 
Addition and multiplication. 492 9.006 


Addition and division...... 22 -403 
Subtraction and multiplica- 
COR crs nace iano tetetie ats 148 2.709 
Multiplication and division.. 42 .768 
Subtraction and division.... 25 .458 


16.254 per cent of all problems * 
or 20.040 per cent of fundamental 
processes alone 


Three steps or processes: 
Addition, subtraction and 


multiplication........... 182 or 3.331 per cent 
Addition, subtraction and 

GIVISION coe setae na tee 3 -055 
Addition, multiplication, and 

GINESION stanyracs cassie Suis, 5 ae) .183 
Subtraction, multiplication, 

and (division. 2 tadeines 3 .O55 


3.624 per cent of all problems 
or 4.468 per cent of fundamental 
processes alone -, 
Totals, 3... ceive. sisie.v0.sies¢.0,0 OL 107 per cent Ol.all proplems 
‘or =r00 per cent of fundamental 
processes alone. 


there will be no difficulty in following through these three 
simple steps. 
Apparently the figuring of life itself is reasonably sim- 
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ple in comparison with that of the formal text in arith- 
metic. This conclusion is supported by step-analysis of 
the fundamental processes in Wise’s study, and in further 


_ analysis of the 1087 problems from Sioux City in the 1918 


Survey. 

Replacing formal step-analysis by real problems. 
Formal unitary step analysis has largely disappeared from 
the schools. It involved the constant effort on the part 
of the child to ‘‘interpret cues” and to “‘get by” with 
work little understood and making no appeal to vital 
interests. Real-situations carry just as much think- 
ing opportunity, while at the same time carrying in- 
terest and profitable end results. A good text is a 
valuable aid to the teacher, but most texts to date furnish 
little real help on written problems. These must come 
from life. Then the teacher must help the child in doing 
the task with understanding, but with a minimum of 
finely spun word analysis of steps. For more detail 
on real problem situations see Part II of the proposed 
new course of study in Chapter XV. 


XIV 


SUMMARY ON PROCESSES AND DEGREE OF 
DIFFICULTY FOR THE GRADES 


Tue aim of the work in arithmetic in the grades is to 
enable the child to handle any arithmetic work which he 
may be encountering and needing at the time, and to pre- 
pare him, under the guidance of motivated situations, to 
meet with success and reasonable facility (accuracy and 
speed) the arithmetic for general usage which he will need 
as an adult. 

In many vocations it is evident that the arithmetic 
needs do not exceed the computational and informational 
arithmetic of general usage. There are, however, some 
vocations which require ‘some highly specialized arith- 
metic, and no attempt will be made to extend the grade 
work to cover this. Specialized vocational figuring will be 
left to vocational courses, to vocational and professional 
schools, or for learning on the job. 

The following summary of the general arithmetic for 
the grades is based directly upon the scientific studies of 
usage of arithmetic. 

Computational needs. The following are the sugges- 
tions on computational arithmetic based upon the sci- 
entific studies of usage, but any detail should be noted, 
subordinate to the two important principles, namely: 

(x) In all drill work, keep behind meaning. 

(2) In a real situation, teach anything needed. 

1. Addition (whole numbers and United States money). 
Main drill: 1, 2, 3, and 4 place numbers. 
2, 3, 4, and 5 addends. 
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Some drill: 5 and 6 place numbers. 
6, 8, 10, to 20 addends. 
Incidental drill: 7 to 8 place numbers or beyond. 
Any number of addends. 
. Subtraction (whole numbers and United States money). 
Main drill: 1, 2, 3, and 4 place minuends. 
Making change, balance due out of 2s¢, 
50¢, $1.00, $2.00, $5.00, $10.00. 
Some drill: 5 and 6 place minuends, in United States 
money especially. 
Incidental drill: Above 6 places. 
. Multiplication (whole numbers and United States money). 
Main drill: 1 and 2 place multipliers. 
Some drill: 3 and 4 place multipliers. 
Incidental drill: Above 4 place multipliers. 
. Division (whole numbers and United States money). 
Main drill: x and 2 place divisors. 
Some drill: 3 place divisors, possibly a little on 4 place. 
Incidental drill: Above 4 place divisors. 
. United States money. 
Main drill: To $1.00, most emphasis. To $2.00 or 
$5.00. To $10.00. 
Some drill: To large amounts above $10.00. 
Incidental drill: To any amount. Statistics. Govern- 
ment expenditures. 
. Fractions. 
Main emphasis: 1/2, 1/4, 3/4, 1/3, 2/3, 8ths, 5ths, 
roths, r2ths, 16ths. 
Some drill: 6ths, 24ths, 25ths, 32ds. 
Incidental: Above 32ds, and odd fractions. 


7. Addition of fractions and mixed numbers. 


Main drill: Adding halves, 4ths, and 8ths. 
Adding’ 3ds, 6ths, and 12ths. 
Same in mixed numbers. 

Some drill: Adding 5ths and toths, 8ths and 16ths, 
12ths and 24ths. 
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Incidental drill: Adding 3ds and 4ths, halves and sths, 
6ths and 8ths. 
8. Subtraction of fractions and mixed numbers. 

Same limits as in addition. 

9. Multiplication of fractions and mixed numbers. | 

Main drill: Such as 1/2 of 3/4; 3/4 of $2.00; 4 1/2 X 
$3.00, or other useful combinations. 

Some drill: 1/2 of 7 1/2 yards; 2/3 of 7/8; etc. 

Incidental drill: 3/5 X 2 1/2; 2 1/2 X 3 1/5; ete. 

10. Division of fractions and mixed numbers. 

Main drill: None. Handle real situations as they 
arise. If 2 1/2 yards is to be divided into 
two equal parts, fold the goods over and 
cut. 

Some drill: As a process, reverse of multiplication in 
simple cases. 

Incidental drill: As need arises. 

11. Measures. 

Main emphasis: Mptey: rf, 5¢, ro¢, 25¢, sof, $1.00; 

also $2.00, $5.00, and $10.00. 

Foot, inch (height), pound (weight), 
quart, pint (of milk), yard (5o- 
yard dash), gallon (of gasoline), 
ounce (less than a pound), dozen 
(eggs), hour, minute, day, year, 
month (time to go home, birthday, 
date, train schedules, ett.) 

Some emphasis: Larger amounts of money, miles (trav- 
eled), tons (of coal), degrees (on 
thermometer), gross (?), acres (in 
rural sections), area. | Accurate 
measuring to 16th of an inch (for 
window panes, window shades, let- 
tering, etc.). 

Incidental emphasis: Any measures that come up in 
a real situation with the children. 
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Tables for reference, after explana- 
tion. State regulations as to weights 
and standards. 

ra. Decimals. 

Main drill: As money from the beginning; the point to 
separate dollars and cents; all processes. 
Tax rates. 

Baseball scores. 

Reading decimals, 3 place or 4 ie 
Simple work in addition, subtraction, mul- 
tiplication of decimals, and dividing simple 
decimals by whole numbers (preferably all 
this confined to United States money). 

Some drill: Extension well within class comprehen- 
sion. Changing a common fraction to a 
decimal. 

Incidental drill: Reading only, to any reasonable limit. 

13. Cancellation. 

Some drill: As a process to use for shortening work in- 

volving multiplication and division. 
14. Percentage and applications. 

Main drill: Case 2, my grade per cent if I answered 8 
out of ten questions; per cent of class up to 
standard; per cent gain for class or indi- 
vidual. 

Case 1, simple percentage, interest, com- 
mission, discounts. 

Discounts, 1/4, 1/2, 1/3, 10 per cent, 20 
per cent, 50-per cent. 

Simple accounts, payment of bills. 

Some drill: Using interest tables. 

Insurance — fire, automobile, life. 
Investments. 
Incidental drill: Any situation requiring percentage. 


Recommended for omission, except when occurring in 
real situations. See the list on page 12, processes not 
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occurring in the 1918 school-pupil survey. A more com- 
plete list occurs in the National Education Association 
Report for 1924, as showing progress in eliminating the 
useless in Rochester, New York. ‘That list includes the 


following for the first revision of the course of study: 


Present worth. 

True discount. 
Equation of payments. 
Partial payments. 
Foreign exchange. 
Partnership. 

Troy weight. 
Apothecaries’ weight. 
Fluid measure. 


Compound proportion. 

Surveyors’ long measure. 

Surveyors’ square measure. 

Government land measure. 

Progressions. 

Foreign money. 

Annual and exact interest. 

Compound interest, except as 
applied to savings accounts. 


In a second revision almost a year later, the Rochester 
list of topics for ns aasen was extended to include the 


following: x 


Cord measure. © 

Board measure. 

Addition, subtraction, multi- 
plication, and division of 
denominate numbers. 

Reduction, ascending and de- 
scending, except as applied 
to problems of real life. 

Stocks and bonds, except in 
investment studies. 

Intricate and unusual pro- 
blems in square or cubic 
measure. 


Carpeting. 

Papering. 

Customs and duties. 

Taxes, except with civic in- 
struction. 

Finding of principal, rate, and 
time. 

Puzzle problems in percentage. 

All except one case of com- 
mission. 

The odd cases in insurance. 

Brokerage. 

Longitude and time. 


This is splendid testimony and indicates that when 


teachers once get the idea of the right kind of arithmetic, 
they become keen and codperative in eliminating the 
processes in arithmetic which do not aid its legitimate — 
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purposes. In any program of elimination, it is assumed 
that when a process is needed in a real situation, it is 
developed sufficiently to handle the situation, but the 
process is not listed for intensive drill. 


Informational teaching. 

Reading large numbers, addresses, telephone numbers, etc. 

Reading decimals. 

The tables of weights and measures (for reference), 

Roman numerals to XII and beyond as needed. 

Fractions with odd and large denominators. 

Graphs and how to read them. 

Blue-prints and how to read them (for brighter pupils only). 

Longitude and time, standard time (correlated with geog- 
raphy). 

Foreign moneys, the more common, and rating in terms of 
the dollar. 

Squares and roots (for brighter pupils only). 

Through life situations — family budget, marks of good 
and bad investments, various kinds of investments and 
their merits, public expenditures, personal accounts, 
savings accounts, insurance, expenses of travel, upkeep 
of an automobile, etc. 

The market page of the daily paper, how to read market 
quotations and their meaning. This should be connected 
with quotations of particular interest and properly 
motivated. 

Calculating devices and machines used in stores and offices. 


Vocational arithmetic. This is as yet largely uncharted 
as to specific details. The charting must be done as a 
result of intensive study of the figuring of each vocation. 
Some vocations make.more use of common fractions. 
In some, decimals are important. In some, the figuring 
is done by tables or calculating machines. Engineers 
use an extensive general handbook and special hand- 
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books. A ship’s captain must take special training for 
his required figuring. The prescription clerk needs the 
apothecaries’ table and gets it along with special training 
for his work. A surveyor needs some special mathe- 
matics. : 

But for all these the basic need is the same as for gen- 
eral computational usage, namely, accuracy in the fun- 
damental processes and simple fractions. Application of 
these processes in real situations means that the teacher 
will develop opportunities for vocational application. 


XV 
THE NEW COURSE OF STUDY 


Every detail of the new course of study in arithmetic 
does not follow directly from scientific data which are 
complete and authoritative. There is still much need for 
study and experimentation, especially as to methods of 
teaching and grade placement of topics. Practical judg- 
ment must be called upon to decide many questions. 
Upon the broader outlines, however, there is substantial 
agreement. For grades one and two, it means the omis- 
sion of the usual type of formal drill on combinations 
and tables, with drill limits and standards, and the sub- 
stitution therefor of the number concepts and working 
ideas that should be built up, together with the experi- 
ences, activities, and reading that will aid in developing 
and extending these concepts and ideas. For the inter- 
mediate and upper grades it means a much simplified 
program, omission of useless topics, more systematic 
teaching of the fundamentals, and wider use of experience 
and life situations for the development of concepts and 
judgment in practical business situations. 

A brief detail of processes and life situations for the 
grades follows. This is essentially the recommendation 
for the course of study in arithmetic as it appears in the 
Fourth Yearbook of the: Department of Superintendence 
(February, 1926). 

In the detail of processes, Part 1 of this course, the fol- 
lowing are the outstanding points: 
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1. No formal drill in the first and second years. . 

2. A drive upon addition and subtraction in the third 
ear. 

; ee upon multiplication i in the fourth year. 

. A drive upon division in the fifth year. 

. A drive in the sixth year upon accuracy in the funda- 
mentals, simple fractions, accounts, and the beginnings 
of percentage. 

6. Drives in the seventh and eighth years upon percentage, 
interest, business applications, investments, and worth- 
while life situations. 

7. Thorough step-by-step teaching of the fundamental 
processes. 

8. At all times, meaning and understanding before drill; 
much concept and judgment forming work without any 
drill. 

9. Throughout, a simplified program based upon actual 
needs, and letter-perfect results in the useful processes 
which are taught. 
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OBJECTIVES AND PROCESSES FOR EMPHASIS IN THE 
DIFFERENT GRADES 


Part r. Processes and Degree of Difficulty 
Grade I: 
No formal drill. No formal number period for this grade. 


Use number as language as needed. Build up experience 
and understanding. 


Grade II: 
No formal drill. No formal number period for this grade. 
Counting as needed in games and in handling school and 

home situations. 
Making change in home shopping for mother and in play- 
ing store at school. 
Experience extended; number concepts developed. 
Measuring of height and weight, and the meaning of com- 
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mon measures as needed in experience — inch, foot, 
yard, pint, money, and time. 

Use of simple numbers through games. 

Roman numerals I to XII in telling time, according to 
child’s interests. 


_ Grade IIT: 

The emphasis in this grade on addition and subtraction. 

Addition (primary, and decade through 80) and subtraction 
(up to g from 18) mastered. Teaching children to check 
or prove their own work. 

Multiplication to 5 X 5 (31 facts) as time permits. 

Counting by 1, 2, 5, and ro to 100. 

Reading and writing numbers to 1000. 

United States money used with decimal point. 

Fractions, 1/2, 1/3, 2/3, 1/4, 3/4, used and understood — 
simple addition and subtraction objectively as time per- 
mits and needs arise. 

Measuring and weighing in units as mentioned in second 
grade with the pound, quart, gallon, or new units. 

Life situations in buying. 


Grade IV: 

The emphasis in this grade on multiplication. 

Extend addition and subtraction drills, motivated in terms 
of the use to which the number may be put, as well as the 
standard of efficiency to which the pupil may attain. 

Multiplication to 9 X g and by 2 or 3 numbers. Kinds of 
numbers to be used to be those of practical value in life 
situations. Teaching children to check or prove their 
own work. 

Simple addition and subtraction of fractions up to denomi- 
nator 16 (and other work as needed in actual situations). 

Measures — square inch and foot only, except as needed in 
rural situations where the measures, square rod and acre, 
would be used. 
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Division (short method), introduced through life situations 
as needs arise. 


Grade V: 

The emphasis t in this grade on division. Instruction extenditie 
over a series of lessons, difficulties presented one at a time. 
Teaching children to ‘check or prove their own work. 

Addition and subtraction. Testing, and planning of regular 
drill for those needing it. Accuracy the standard. 

Multiplication. Testing, and planning of drills as for addi- 
tion and subtraction. 

Fractions — addition, subtraction, multiplication. De- 
nominators, 2, 3, 4, 5, 6, 10, 12,16. Others as needed 
in actual situations. 

United States money — any process as needed in actual 
situations. Use of the decimal point and introduc- 
tion of decimals. 

Measures. Area to be.taught as rite new measure. Others 
to be used as needed. Common measures developed 
through use. Tables understood and left for reference, 
but not committed. 

Graphs, simple, bar or line, for pupil records. 


Grade VI: 

The emphasis in this grade on AccurAcy in the four funda- 
mental processes and simple fractions, and application of 
percentage and interest to simple business situations. 

Decimals: developed from United States money; limit to 3 
places; beyond, only informational. Division by whole 
numbers only. 

Beginnings in percentage and interest. 

Accounts, simple business. ‘The fundamental processes 
motivated through these as a means. 

Denominate numbers — only the useful measures. Tables 
for informational reference, attention to local or state 
regulations and standards of measures. 
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Grade VII: 

The emphasis in grades seven and eight on the more direct 
application of the fundamental processes, percentage, and 
interest in banking, savings, investments, business, and 
experience generally. 

Investments. 

Specific drill in fundamentals and fractions for pupils not 
up to reasonable speed and neCDTACY Ffowape and 
checking. 

Algebraic expressions introduced in the Bole don of pro- 
blems. Systematic work in algebra optional. 


Grade VIII: 

Problem work in saving and investing. 

Simple problems in insurance, taxes, mortgages, accounts, 
as applied to the home and business, 

Interpretations of numerical quantities as related to civic 
and public questions; e.g., taxes, insurance, administration 
of public moneys. Much informational work correlated 
with civics. 

Accuracy in the fundamentals — methods of checking, 
continued drill work for the hospital group. 

Optional: intuitive geometry, vocational arithmetic, simple 
problems in algebra. 


Pari 2. Typical Life Situations for Different Grades 


The main purpose of life situation work is the building up 
of clear concepts through first-hand contacts and guided ex- 
perience. There may be some drill, but it will be motivated. 
In this work drill is incidental and should not be lugged in. 


Grade I: 
Birthday calendar. 
Games. 
Building with blocks, 
Dressing dolls. 
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Counting. 

Paper construction work. 

Buying for mother. 

Using number in school work, — checking books, pupils 
absent, &c. 


Grade II: 
Buying groceries for mother. 
Games. ; 
Telling time. Begin with when to go home, and when to go 
to bed. 
Birthday calendar, repeated. 
Telephone numbers, house numbers, automobile numbers. 


Grade III: 
School milk 
Savings account 
Games with teams. 
Telling time. 
Buying for mother — making change to $2.00, groceries, 
toys, clothing. 
The school store, a grocery store. 
Reading thermometer. 
Expense account, money spent. 
Weighing and measuring. 


band each grade thereafter. 


Grade IV: 
The home garden. Does it pay? 
The school garden, measuring, etc. 
Making bird houses, the economic value of birds, and careful 
measurement. 
Helping with attendance. 
Class collections (flowers for sick, etc.). 
Automobile plates. 
Measuring distance for eye and ear tests. 
Measuring distance for games. 
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Regulating speed on victrola. 
Playing store, hardware or clothing. 


Grade V: 
Furniture for a six-room house. 
Buying the home coal for the year. 
Money spent for milk; savings, 
Helping newsboys with accounts, 
Earning money — actual reports. 
Attendance and thermometer reading. 
Books for library — keeping full record of circulation. 
Checking drawing and manual training materials. 
Spelling papers, grades, averages, graphs. 
School shopping. 
Graphs of progress in standard tests, 


Grade VI: 
The family budget — also, pupil’s budget. Keeping ac- 
counts. 
Buying groceries to best advantage. 
Corn, in field and can; why the difference? 
Distance: time, speed in making a trip, etc. 
The school banking. 
The milk buying. 


Grade VII: 
When can one afford an automobile? 
School supplies for building and rooms. 
Local tax rates and distribution of money. 
Percentages in baseball scores. 
School and out-of-school savings. 
What I need to know to handle a bank account. 
A study of banking. - 


Grade VIII: 
Buying lot and building house. 


135 


WHAT ARITHMETIC SHALL WE TEACH? 


Should an itinerant buy or rent? 

The expense of remodeling an old house. 

Meter reading and checking at home and school, with dis- 

counts. 

The cost of strikes. 

Organize to study any business situation appealing to class 

and having community basis. 

Marks of the get-rich-quick salesman and the bad invest- 

ment. 

The marks of a good investment. A study of investments. 

The why of the simplified program. Some will be 
surprised at the simplified program suggested in this 
course of study, in view of the much more complicated, 
program indicated by an examination of textbooks and 
current courses of study. The reasons are easily stated 
and easily understood. They appeared to the committee 
on arithmetic as imperative reasons. They may be 
briefly summarized a8 follows: 

(x) If young children are put into the mechanical 
phases of arithmetic, many of them waste time and 
develop errors which require much teaching energy to 
eradicate later. Myers has shown this conclusively, and 
if we follow the dictates of his scientific studies, we must 
omit formal number work from the first and second 
grades. 

(2) The committee does not propose to omit alf num- 
ber work from the first and second grades — only the 
formal number work. Osburn’s problem analysis showed 
that sixty per cent of the errors were due to failure to 
understand the situations involved in written problems. 
Osburn’s findings, combined with those of Myers, un- 
doubtedly point to the conclusion previously emphasized 
that the work of grades one and two should be devoted to 
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the development of number concepts through experience 
and activities. In simple situations growing out of ade- 
quate experiences, children can be better guided to rea- 
son correctly. 

(3) Throughout the intermediate and upper grades 
also, much attention must be given to the development of 
concepts through informational work. At all times for- 
mal drill must keep behind meaning. 

These statements are based upon the principles of learn- 
ing that are well recognized, and it seems strange that 
we have not gone forward more rapidly along the lines 
here suggested. 

(4) The studies in the social usage of computational 
arithmetic show a very much simplified situation. The 
original study by Wilson has been confirmed by those of 
Wise, Woody, Charters, and many others. This simpli- 
fied situation means that there is no necessity for crowd- 
ing children beyond their depth. Hence, the main 
drives indicated for grades three, four, and five follow 
directly. 

(5) The emphasis upon one hundred per cent accuracy 
is an important emphasis, and should not require ex- 
planation. Eighty per cent is not satisfactory, neither is 
ninety per cent, nor ninety-five per cent. Letter-perfect 
results are the only results that are wanted in the business 
world. The schools can give such results on a much less 
time expenditure by following the simple rules of learn- 
ing.? . 

(6) One of the most radical departures in the suggested 
course is that long division be deferred until the fifth 

t See evidence in article by H. L. Ballenger: ““Overcoming Addition 
Difficulties,” Journal of Educational Research, February, 1926. 
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grade, and then that it be taught step by step, the various 
difficulties being anticipated so that the children are 
really intelligent on every phase of the process. ‘This 
should result in the better teaching of the other funda- 
mental processes and in much better teaching of long 
division. It should also take away the long division 
grind with lack of comprehension, which has heretofore 
persisted in the schools. 

It may be noted in conclusion that the committee was a 

unit in the recommendation of the course substantially as 
indicated. Regardless of individual likes, it was forced 
by the evidence at hand to accept and strongly urge this 
simplified program. 
’ Further questions. In presenting the scientific studies 
and the positive program based upon these studies, it is 
hardly to be expected that every one will be satisfied or 
that school practices*‘will immediately conform to the 
new recommendations. Teachers must think through 
first, and thinking takes time. But if any one, with mind 
open, will follow through the discussion as presented in 
this volume, he will surely be led to accept the major 
conclusions or will be stimulated to attempt scientific 
studies which will be more broadly conceived and there- 
fore more likely to discover the whole truth. Scientific 
studies cannot be bowled over by general arguments; this 
can be done only by larger and better studies equally or 
more scientific in conception and execution. 

Frequency of occurrence has been generally accepted 
by investigators as a valid criterion. But what about the 
very crucial situations, such as seldom occur, but which 
are tremendously important when they do occur? Ob- 
viously values are always relative. Processes never used 
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may be noted as relatively useless and omitted entirely. 
Processes occurring frequently, almost daily (such as 
addition and multiplication), should be noted for syste- 
matic drill for accurate automatic response. To this all 
will agree. Processes not likely to occur, but very im- 
portant when they do occur (such as partial payments or 
partnership with time), need to be handled differently. 
Partnership with time is not likely to be needed to-day by 
one person in a hundred thousand during a lifetime. The 
stock company has replaced the old type of partnership. 
When needed, an expert may be consulted, or books 
may be used. Partnership with time, therefore, will 
receive little more than such general informational at- 
tention as how to use books, the index, the table of con- 
tents, the help which a banker is always willing to 
give. 

On the other hand, partial payments are common 
enough to receive more specific informational attention. 
This is not a drill topic — we were wrong in making it 
such, a few years ago, and in teaching two rules, the 
United States rule and the merchants’ rule. No one 
would teach the United States rule to-day. But a few 
illustrations of the merchants’ rule, handled according to 
the general informational procedure, would be recom- 
mended, especially in rural districts where long time 
loans and partial payments are common, and where 
bankers are not always at hand to do the figuring. 
For most children, less extensive informational treatment 
of partial payments will be adequate; making payments 
on a house, the rules that apply, where to find the process 
and rules in the text, where to go for help — this should 
be adequate. - 

| 139 


WHAT ARITHMETIC SHALL WE TEACH? 


It is unfortunate that the idea ever became common 
that all material in the arithmetic should be treated as 
drill material and considered equally important. Col- 
burn, the author of one of the first “‘ complete’? American 
arithmetics, thought he was compiling a book for refer- 
ence — an encyclopedia, as it were, to which merchants 
might turn for processes and rules as needed. But di- 
rectly, in the hands of the schools, its encyclopedic 
nature was forgotten and complete mastery became the 
aim. So in stressing relative values and setting up 
criteria for guidance, we are but returning to first prin- 
ciples and the dictates of common sense, no less valuable 
because supported by scientific data. 

. Apparently, therefore, the plan of work in arithmetic 
based upon the scientific studies, meets the various 
standards which common sense and reason would apply. 
Frequency of use will determine the drill material in which 
letter-perfect results must be insisted upon. Cruciality 
will demand that particularly crucial situations receive 
attention of the informational type and that the child be 
taught the sources of information and how to use them. 
The principle of adapiadility will require that we teach the 
child to estimate, to use judgment in new situations, to 
weigh and consider in the light of common sense before 
going forward to a solution or accepting an answer. 
The principle of relative values will operate in all of the 
above, and will further insist that never-used material be 
considered useless so far as any claim upon school time 
isconcerned. The principle of rapid revival of once-known : 
material will aid in inducing teachers not to worry about 
loss of power in infrequently needed processes, and will 
help them to leave such processes out of consideration 
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when making up examination questions or informal tests, 
or choosing standardized tests. 

Throughout, the general laws of learning and the spe- 
cial principles of drill apply to the work in arithmetic. 
Meaning must always precede drill. The drill work must 
be systematically organized, and taught step by step as 
drill, properly motivated. There must be constant check- 
up through inventory tests, followed by needed remedial 
work. ‘There must be provision for review, preferably in 
the form of application in useful situations, games, and 
motivated competition. ‘The non-drill material must be 
handled by the informational procedure, preferably 
through use in experience and well-developed life situa- 
tions. This affords much opportunity for local adapta- 
tion and provision for individual differences, . 
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